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A STUDY OF SOME RELATIONS AMONG APERIODIC 
REINFORCEMENT, DISCRIMINATION TRAINING, 
AND SECONDARY REINFORCEMENT ! 


BY J. M. NOTTERMAN * 
Columbia University 


Although the phenomenon of sec- 
ondary reinforcement has been vari- 
ously demonstrated, systematic and 
parametric investigations of the oper- 
ations involved have only recently 
appeared (e.g., 1, 3, 13). A compre- 
hensive review of the literature may 
be found in (8) and (11). 

The present study was suggested by 
the fact that the procedures used in 
establishing a secondary reinforcing 
stimulus (S") have been the same as 
in the formation of a discrimination 
with respect to this stimulus (cf. 14). 
For example, in the bar-pressing situa- 
tion used by Skinner (16) and Bugel- 
ski (2), tray-approach responses fol- 


1 Submitted in partial fulfillment of the re- 
quirements for the Degree of Doctor of Philos- 
ophy in the Faculty of Pure Science, Columbia 
University, January, 1950. The writer is at 
present post-doctoral Research Fellow of the 
National Institute of Mental Health. 

2 The writer wishes to express his appreciation 
to Professor W. N. Schoenfeld for his constant 
guidance during all phases of the study here 
reported. Thanks are also due Professor F. S. 
Keller and Mr. D. E. Page for critically reading 
the manuscript. Lastly, the writer is indebted 
to Dr. P. J. Bersh for aid and encouragement 
throughout the course of the research. 


lowing a “click” were reinforced, 
while responses not so preceded went 
unreinforced and, hence, tended to be- 
come extinguished. Thus, it seemed 
desirable to establish an S’ under con- 
ditions carefully controlling the emis- 
sion of unreinforced responses in the 
absence of S?,* in order to determine 
the relationship of secondary rein- 
forcement to the proportion of such 
responses during training. The run- 
way technique seemed to offer an 
adequate means of carrying out such 
controlled discrimination training. 


STATEMENT OF PROBLEM 


The central aim was to investigate 
secondary reinforcement as a function 
of the number of S® trials in dis- 
crimination training. The procedure 
adopted also yielded data concerning: 
(1) discrimination as a function of 
this procedure, and (2) response 

3 S® is a discriminative stimulus (e.g., “click’”’) 
correlated with a reinforced response. An S4 
trial, as used in the present experiment, refers to 
an unreinforced trial during which a given dis- 


criminative stimulus is absent. The notation is 
that of Skinner (16). 
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strength during conditioning and ex- 
tinction as a function of varying 
schedules of aperiodic reinforcement 


(APR). 


APPARATUS 


Columbia University Skinner Box.—The liv- 
ing-experimental cages, together with the levers 
used in conjunction with them, differed little 
from the model described in (6). A 6-w., 
120-v. bulb was mounted on the perforated metal 
cover of the cage so that its rays were directed 
downward through several layers of filter paper 
into the cage. Illumination on the floor of the 
cage was 2.7 ft.-candles with this light, and 0.09 
ft.-candles without it. The light was normally 
off, coming on for 1.00 + .01 sec. following each 
bar depression. 

Runway.—This was a trough-type, wooden 
runway with a screen top, painted flat black. The 
essential components of the runway can be 





2 @ 














Fic. 1. Runway apparatus 


’ 

located in Fig. 1 by reference to the numbers 
corresponding to those given in the following 
description. The animal was placed in the start- 
ing box through an outside door, /. An inside 
door, 2—hereafter referred to as door 4—hand- 
operated by a pulley, 3, gave access to the run- 
way proper. The entrance door to the goal box, 
14, also pulley-operated, was separated from door 
A by approximately 4 ft. of straight runway. 
Just beyond the entrance door of the goal box, 
the runway turned a right angle, and gave access 
after approximately 1.5 ft. to the food tray, /3. 
A side of the goal box was hinged to provide an 
exit door, 15. 

A light source, 8, and photo-relay, 10, were 
located on opposite sides of the runway so that 
the rat would intercept the light beam, 9, just 
before entering the goal box. This beam, pro- 
vided by a Mazda 55 lamp, passed through a 
gelatin infra-red filter (88 Angstroms), and was 
invisible to the human eye. Evidence available 
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indicates that it was also subliminal for the 
albino rat (17). 

Upon interruption of the beam, a 0.01-sec. 
Standard Electric Timer, 4, automatically 
started by the opening of door 4, was stopped by 
means of a switch, 6; and another similar timer, 
5, was simultaneously started. The latter was 
stopped by means of a switch, 7, when the rat 
crossed a white line, /2, on the floor of the run- 
way 1 in. in front of the food tray, /3. The goal- 
box door, /4, was then lowered. 

Interruption of the beam which was present 
on all trials controlled a 6-w., 120-v. bulb, //, 
used as an S?, Whether or not the light came 
on upon beam interruption was determined inde- 
pendently by £. This light was mounted on the 
top of the goal box so that its rays were directed 
downward through a milk glass filter. Goal-box 
illumination with this light was 4.4 ft.-candles; 
without it, 0.14 ft.-candles. Available data indi- 
cate that a 30:1 ratio is almost maximally dis- 
criminable by the albino rat at this level of 
illumination (5). The duration of the light, 
35.00 + 0.03 sec., was controlled by an elec- 
tronic timer. 


PROCEDURE 


A total of 81 male Wistar rats, 90 to 110 days 
old, was used. A set of 20 (in one case, 21) rats 
of mixed experimental groups was worked with 
during each of four training cycles. Each cycle 
lasted 23 days, and all members of a given set 
were worked with during each day of a particular 
cycle—two animals during each of ten 45-min. 
experimental sessions. 

There were seven phases to each cycle: (1) 
feeding rhythm (3 days), (2) bar-pressing operant 
level (6 days), (3) runway acquisition (6 days), 
(4) transfer test (3 days), and (5), (6), and (7) 
“reconditioning,” extinction, and test for second- 
ary reinforcement (5 days). 

Feeding rhythm.—Rats were fed ground Purina 
Laboratory Chow for 45 min. daily in the living- 
experimental cages, which were cleaned at the 
end of each feeding period. The latter started 
15 min. after the assigned experimental period 
of 45 min. This rhythm was begun three days 
before the first day of operant level and was 
maintained throughout the experiment. Water 
was constantly available. 

Operant level determinations.—The unrein- 
forced bar-pressing activity of each rat was re- 
corded for a 45-min. period on each of six consecu- 
tive days (see 15). A 1-sec. light followed each 
bar depression. This phase also served to increase 
to nine days the rhythm period preceding runway 
acquisition. 

4 Data bearing on this procedure are reported 
elsewhere (12). 
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Runway acquisition —The 45-min. experimen- 
tal sessions of the succeeding six days were 
devoted to acquisition training. The 81 rats 
were divided into one control group and five 
experimental groups, each of which received a 
total of 50 reinforced trials and varying numbers 
of unreinforced trials. Eight reinforced trials 
were given on each of the first five days; 10 on 
the sixth. The total number of unreinforced 
trials was varied from group to group as follows: 
Group I (N = 14), 0; Group II (NW = 13), 10; 
Group III (N = 14), 25; Group IV (N = 13), 
50; Group V (N = 14), 100; Control Group 
(N = 13),25. Nounreinforced trials were given 
the first day; one-fifth of the group total was 
given on each of the ensuing five days. 

On all reinforced trials, (a) the light came on 
for 35 sec. as the rat entered the goal box (control 
group excepted), and (b) the rat was permitted 
to eat from the food tray for 30 to 40 sec. (con- 
suming three or four 0.1 gm. Purina pellets). 
The tray was kept full so that the supply would 
never be exhausted while the animal was in the 
goal box in the presence of light. 

On all unreinforced trials, (a) the light did not 
come on, and (b) the food tray was not present. 
The animal was kept in the goal box for 30 to 
40 sec. 

Approximately 40 sec. elapsed between re- 
moval of the rat from the goal box, and opening 
of door 4 for the next run. 

Except for the control group, the order in 
which the assigned number of unreinforced trials 
was interspersed on each day was determined 
separately for each animal by means of Fisher’s 
table of random numbers (4). Each control rat 
was given the same schedule as a paired rat in 
Group III. Thus, except for the omission of the 
light on reinforced trials, the control group pro- 
cedure was identical with that of Group III. 

Inasmuch as the light (S”) was present on all 
reinforced trials for the experimental groups, 
these trials may be referred to as S? trials. 
Conversely, the unreinforced trials for these 
groups constitute $4 trials. 

From the foregoing, it can be seen that (a) the 
total number of reinforced trials remained con- 
stant from group to group, (b) the total number 
of unreinforced trials was the independent vari- 
able, (c) the reinforced and unreinforced trials 
were randomized, and (d) conditions up to the 
point of beam interruption were identical for all 
groups. Accordingly, the time elapsing from 
opening of the starting-box door to beam inter- 
ruption may be used to determine the effect of 
varying schedules of aperiodic reinforcement. 

Attention is called to the function of three 
features of the runway apparatus in reducing 
uncontrolled S“ responding to a minimum: (a) 
Door 4 prevented unscheduled approaches to 
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the goal box; (b) the possibility that incipient 
“straight-ahead” responses in the starting box 
would serve as S4 training was reduced by the 
requirement of a right turn immediately before 
reinforcement; (c) the “distinctness” of the right- 
turn response was emphasized by the extent of 
the preceding straight-ahead response. 

Test for transfer'—Each rat spent 45 min. in 
the Skinner Box on each of three days following 
runway acquisition. Procedure was identical 
with that of operant level determinations as 
described above. 

“Reconditioning.” *—On the following day all 
groups were returned to the runway situation. 
Group I (the regularly reinforced group) was 
given three successive S$? trials. Groups II-V 
(the APR groups) were each given three S? 
trials, alternated with three S4 trials. The con- 
trol group was given three reinforced trials, alter- 
nated with three unreinforced trials. Note that 
the S? and S® conditions were identical with 
those maintained during acquisition, and that 
each animal received three reinforced trials. 

Extinction.—The first extinction trial immedi- 
ately followed the last “reconditioning” trial. 
Each group was divided into two subgroups 
matched for response strength in terms of mean 
log A-time (defined below) on the last day of 
acquisition. One subgroup received the light on 
each trial; the other did not. Each of the 
“dark” subgroups had an N of 7. The food tray 
was not present for either group. Time in goal 
box and between trials was as in acquisition. 
The number of trials given on the five extinction 
days were, in order, 14, 20, 20, 25, and 25, making 
a total of 104 trials. 

Test for secondary reinforcement.—For extinc- 
tion trials 94 to 104, the light conditions were 
reversed for all subgroups. 


ReEsutts AND Discussion 


The results are presented in terms 
of two runway time measures, 4- and 


B-time. A-time is the time in sec. 
from the opening of the starting box 
door A to interruption of the beam at 
the entrance to the goal box. B-time 
is the time from goal box entry to 
crossing of the white line in front of 
the food tray location. Data are pre- 
sented mostly in terms of mean log 
A-time. The time measures of each 


5 Data bearing on this procedure are reported 
in (12). 

* Data bearing on this procedure are reported 
in (12°. 
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trial were transformed into logarithms 
in order to compensate for the skewed 
distributions characteristic of runway 
measures (see 7). 

If either an A-time or a B-time 
extended to 3 min., the trial was termi- 
nated and given a time of 180sec. In 
only one case was the 3-min. criterion 
reached on 4-time during acquisition. 
This animal never finished the eight 
trials scheduled for the first day, and 
was discarded. The presence of cri- 
terion trials during other phases of the 
experiment is discussed in connection 
with the pertinent graphs. 

Runway acquisition—A family of 
curves for the five experimental 
groups, showing running time (mean 
log A-time) as a function of successive 
training days, is presented in Fig. 2. 
The number of trials determining a 
given point is the N for the group, 
times the number of trials given on 
that day. Intergroup comparisons 
show that running time decreases as 
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the number of interspersed unrein- 
forced trials increases, reinforced trials 
being held constant. Mean log 4- 
time is approximately the same for all 
groups on Day 1. An alignment on 
the basis of the number of unrein- 
forced trials begins on Day 2, when 
the independent variable is intro- 
duced, and is maintained thereafter. 
That the family of curves is not an 
artifact of total number of trials is 
indicated by the fact that each group 
appears to approach different asymp- 
totes in a regular order. A plot of 
mean log 4 with “‘total trials” on the 
abscissa shows the same phenomena. 

Inspection of the five values for 
Day 6 indicates that final running 
time is a decreasing monotonic func- 
tion of the total number of unrein- 
forced trials (see bottom curve in 
Fig. 8). In view of the nature of the 


independent variable, it would seem 
likely that this function would reverse 
itself at some point beyond the range 
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DAYS OF ACQUISITION 


Fic. 2. The effect of varying conditions of aperiodic reinforcement during acquisition. The 
number of reinforced trials was held constant; the number of interspersed unreinforced trials varied 


from group to group. 
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Fic. 3. Course of acquisition for Group III 
and Control 


of data covered in the present experi- 
ment. The points for Groups I and 
II are significantly different at the .05 
level; for Groups II and III, at the 
.02 level. The Group IV value does 
not differ significantly from that of 
Group III or Group V. 

In a recent review and critique of 
various partial reinforcement experi- 
ments, Jenkins and Stanley conclude 
that “. . . acquisition proceeds some- 
what more rapidly and reaches a 
higher final training level under con- 
tinuous reinforcement than under par- 
tial reinforcement” (9, p. 209). This 
conclusion seems to be at variance 
with the acquisition data of the pres- 
ent experiment. However, Jenkins 
and Stanley qualify their conclusion 
by saying that (a) “instances can be 
found indicating either higher or lower 
response strength in the partial in- 
stance,” (b) their generalizations have 
particular application for experiments 
involving small frequencies of rein- 
forcement, and (c) “random ratio 
reinforcement schedules need more 
investigations.” The present experi- 
ment is an example of a “random 
reinforcement” schedule. 

The acquisition curve for the con- 
trol group (Fig. 3) closely parallels 
that of Group III, being slightly lower 
at all points. Since the procedures 
for the two groups differed only in 
that the control group did not receive 
the light on reinforced trials, the slight 
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separation of the curves would seem 
amenable to one of two interpreta- 
tions: (a) the two groups of rats did 
not come from the same parent popu- 
lation, or (5) the light accompanying 
reinforcement in Group III slightly 
retarded the running response. On 
the first trial of acquisition (prior to 
the first presentation of light to Group 
III), Group III and the control group 
have quite similar log 4-times—.9583 
and .9622, respectively. While this 
conformity does not completely rule 
out the possibility of sampling differ- 
ences, explanation in terms of light 
aversion receives support from many 
investigators (10, 16, 18). In so far 
as the difference may be attributable 
to the light, it may be surmised that 
the curves of Fig. 2 are higher on the 
ordinate than would be the case if the 
light had not been introduced. 

The effect of the training procedure 
on final (Day 6) B-time values for 
experimental groups is presented in 
Fig.4. The median log B-time values 
for S4 trials increases as a function of 
the total number of S4 trials.?’ The 


7 The median is used here instead of the mean 
because of the presence of a comparatively large 
number of S® criterion runs. When the dis- 
crimination had become well established, some 
animals occasionally would not continue into the 
goal box after running down to the point’of beam 
interception and not receiving theTlight. Al- 
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Fic. 4. S? and S4 strength on last day of 
acquisition, as a function of total number of S* 
trials, S? trials being held constant 
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DAYS OF EXTINCTION 


Fic. 5. The effect of varying conditions of 
aperiodic reinforcement upon resistance to 
extinction 


same function of median log B for S? 
trials shows little difference from 
group to group.* In terms of mean 
log B-time, the only significant inter- 
group difference for S? trials is that 
between Group III and IV, which is 
significant beyond the .01 level. 

In the uppermost curve in Fig. 4, 
each point represents the difference 
between the median log B of S4 and 
S trials, respectively. In terms of 
this differential, it may be said that 
the effectiveness of the discrimination 
increases as the number of S®4 trials 
increases (see 5). The median log B 
for reinforced and unreinforced trials 
of the control group were, respectively, 
—.189 and —.199. 

Extinction Comparison of mean 
log A-times for each of the five extinc- 
tion sessions revealed no significant 


though the median is used, the S4 curve based 
on the means shows the same general trend. 
The number of S4 trials in each group, and the 
number of criterion runs occurring among these 
S4 trials, was as follows: Group I had no S4 
training; Group II had no criterion runs out of 
26 S4 trials on Day 6; Group III had 1 criterion 
run out of 70 S4 trials; Group IV had 17 out of 
130; and Group V had 18 out of 280. 

8 The median is used here in order to facilitate 
a comparison between the S? and the S4 curves. 
No criterion S? runs occurred. The shape of the 
curve shows the same trend whether median or 
mean is used. The number of trials represented 
by each point is the group N X 10. 


subgroup differences within a given 
group (12). Therefore, data for the 
two subgroups of each group were 
combined, yielding the family of 
curves presented in Fig. 5. Mean 
log A is based on the first five trials for 
a given day, since later trials included 
criterion trials (runs terminated at 180 
sec.). The frequency of these cri- 
terion trials does not vary systemati- 
cally from group to group. The five- 
trial means of Fig. 5 contain criterion 
runs only for Group II, one animal of 
which gave two criterion runs on each 
of the last three days. (Despite the 
influence of criterion runs on the 
means, extinction curves based on 10-, 
14-, and total-trial means, while less 
regular, show the same general trends 
as Fig. 5.) 

A comparison of the resistance to 
extinction of the experimental groups 
is afforded by determining the first 
extinction session during which a 
given group’s mean log 4 reaches and 
maintains a level significantly (.01) 
higher than its mean log 4 on the last 
day of acquisition. The #-tests reveal 
the following: Group I is significantly 
higher on the first day, Group II on 
the second day, Group III on the 
third day, Group IV on the fourth 
day, and Group V on the fourth day. 
After once reaching this significance 
level for extinction, none of the groups 
falls below on succeeding extinction 
sessions. 

Test for secondary reinforcement.— 
Although it is apparent from the fore- 
going that the experimental groups 
proceed through extinction differ- 
ently, examination of later extinction 
trials on Day 5 indicates that some 
degree of intergroup equality in run- 
ning time is attained. This is not 
inconsistent with the argument ad- 
vanced in the preceding section, be- 
cause it is quite possible that the 
means based only on the first five 
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Fic. 6. Test for secondary reinforcement. 
The cross-hatched columns are the mean log 
4-times of the last five extinction trials in the 
dark. The blank columns are the mean log 
A-times of the first five trials after reinstatement 
of the light. The broken columns on the ex- 
treme right are the Control data. 


trials of a given session are more sensi- 
tive to intergroup differences than the 
means based only on later trials. 

Specifically, for the six subgroups 
which did not receive the light during 
extinction (the “dark” subgroups), 
only 1 of the 15 possible intergroup 
comparisons of mean log 4 is signifi- 
cant on the last five trials immediately 
preceding reinstatement of the light 
(trials 90-94). This one significant 
difference (.01 level), between Groups 
I and IV, does not reflect any sys- 
tematic group-to-group trend (see 
Fig. 6). 

For each of these subgroups, how- 
ever, mean log 4 for the first five 
trials after light is reinstated is sys- 
tematically less than that for the pre- 
ceding five trials. The decrease is not 
significant for the control group and 
Group I; for Group II, it is significant 
between .05 and .02; for Groups III, 
IV, and V, beyond .01.° 


* Seven criterion trials are represented among 
the experimental “dark” subgroup data, before 
the light was introduced. They were distributed 
as follows: 0 in Group I, 4 in Group II, 1 in 
Group III, 0 in Group IV, and 2 in Group V. 
The presence of only seven criterion runs among 
the 175 trials (35 trials for each of five experi- 
mental subgroups) does not materially alter the 
central tendency. Moreover, if the three ani- 
mals concerned had been allowed to remain in 
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Differences in mean log 4-time be- 
tween the five trials before and after 
the change are not significant for any 
of the six “light” subgroups. Of the 
experimental “light” subgroups, two 
increase and three decrease slightly in 
running time when the “dark” condi- 
tion is instituted. The control sub- 
group gives a small decrease, compa- 
rable to that of the other control 
subgroup. 

The differential effect upon the five 
experimental “dark” subgroups of the 
reinstatement of the light condition is 
shown in Fig. 7 in terms of median 
log A (bottom curve), and in Fig. 8 in 
terms of mean log A (top curve). 
Taking running time as an inverse 
measure of response strength, these 
curves indicate that the secondary re- 
inforcing effect is an increasing mono- 
tonic function of the total number of 
S4 trials in the discrimination training 
procedure. 

Figure 7 also shows that this change 
of conditions results in an alteration 
of log B comparable to that obtaining 


the runway beyond the 3-min. criterion, the 
increased 4-time of “before change” trials would 
have accentuated the differences between the 
before and after means. There were no criterion 
runs in the “after’’ trials. 
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Fic. 7. Effect of dark-to-light change upon 
B-time. A-time after change to light is plotted 
for comparison purposes. 
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Fic. 8. Extent of recovery of response 
strength as measured by 4-time. Mean log 4 
values of dark subgroups after change to light, 
compared to mean log 4 values on last day of 
acquisition; both taken as a function of total S4 
trials during acquisition. Inset is explained 
in text. 


for log A. For the five trials before 
the change (89-93), median log B does 
not differ systematically among these 
experimental subgroups. For the fol- 
lowing five trials, however, the median 
log B function is quite similar in form 


to the corresponding median log 4 


function. This is consistent with the 
recent finding of Dinsmoor (3) that, 
under comparable test conditions fol- 
lowing discrimination training, the 
secondary reinforcing function and the 
discriminative function of a stimulus 
seem to be quantitatively identical. 
However, the sharp difference be- 
tween the median log B curve for 
these five trials (94-98), when com- 
pared with the S? curve for Day 6 of 
acquisition (cf. Fig. 4), seems to sug- 
gest that the secondary reinforcing 
function is related to discriminative 
strength at the time of testing, rather 
than at the end of acquisition. 

Figure 8 compares the mean log 4 
function for the five “dark” subgroups 
on the five trials after light reinstate- 
ment, with the same function for these 
groups on the last day of acquisition. 
A comparison of the two curves shows 
that the differential effect of light 


reinstatement is such as to establish 
the same ranking of groups as at the 
end of acquisition. The inset shows 
that the per cent decrease in running 
time differs systematically from group 
to group.’ The percentage curve 
also points to the conclusion that 
secondary reinforcing strength is a 
function of discrimination training in 
which the independent variable is the 
number of S4 trials." 


SUMMARY AND CONCLUSIONS 


A total of 81 Wistar rats, consisting 
of five experimental groups and one 
control group, were trained on a 
trough-typerunway. Theexperimen- 
tal groups received a constant number 
of reinforced light-present (S”) trials, 
but differing numbers of unreinforced 
light-absent (S‘) trials. 

The following main conclusions, 
which are based only upon the range 
of data covered in this experiment, are 
drawn: 


(1) The acquisition by a stimulus of 
secondary reinforcing power is an in- 
creasing monotonic function of the 
number of S® trials given during a 
previous discrimination procedure, S$? 
trials being held constant. 

(2) The effectiveness of a discrimi- 
nation, as measured by the difference 
in strength between S? and S4, is a 


10For each subgroup, the percentage was 
calculated by subtracting the first five-trial mean 
log A-time after change from the last five-trial 
mean log A-time before change, and dividing by 
the latter. 

1 Since over 15,000 trials were given, it did 
not prove practical to include the raw data in 
this article. The trial-by-trial and the daily 
mean data for each rat are on file with the De- 
partment of Psychology, Columbia University. 
The daily mean data may also be secured from 
the American Documentation Institute, 1719 N 
Street, N.W., Washington 6, D.C., by ordering 
Document 3229, remitting $1.00 for 35 mm. 
microfilm or $2.40 for 6 X 8 in. photocopies. 
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function of the number of S®4 trials, 
when S? trials are held constant. 

(3) The strength of an aperiodically 
reinforced response, as measured by 
running time during acquisition, is an 
increasing monotonic function of the 
number of randomly interspersed un- 
reinforced trials, reinforced trials be- 
ing held constant. 

(4) The resistance to extinction of 
an aperiodically reinforced response, 
as measured by running time, in- 
creases as a function of the number of 
randomly interspersed unreinforced 
trials received during acquisition, 
when the number of reinforced trials 
is held constant. 


(Manuscript received March 6, 1950) 


REFERENCES 


1. Bersu, P. J. The influence of two variables 
upon the establishment of a secondary 
reinforcer for operant responses. J. exp. 
Psychol., 1951, 41, 62-73. 

. Bucesxi1, R. Extinction with and without 
sub-goal reinforcement. J. comp. Psy- 
chol., 1938, 26, 121-133. 

. Dinsmoor, J. A. A quantitative compari- 
son of the discriminative and reinforcing 
functions of a stimulus. J. exp. Psychol., 
1950, 40, 458-472. 

. Fisner, R. A. Statistical methods for re- 
search workers. (10th Ed.) Edinburgh: 
Oliver and Boyd, 1946. 

. Frick, F. C. An analysis of an operant 
discrimination. J. Psychol., 1948, 26, 
93-123. 

. Fricx, F. C., Scnoenretp, W. N., anp 
Ke.ter, F. S. Apparatus designed for 


introductory psychology at Columbia 
College. Amer. J. Psychol., 1948, 61, 
409-414. 


. Granam, C. H., anpj Gacné, R. M. The 


acquisition, extinction, and spontaneous 
recovery of a conditioned operant re- 
sponse. J. exp. Psychol., 1940, 26, 
251-280. 


. Hutz, C. L. Principles of behavior. New 


York: Appleton-Century, 1943. 


. Jenxins, W. O., anv Stantey, J.C. Par- 


tial reinforcement: A review and critique. 
Psychol. Bull., 1950, 47, 193-234. 


. Ketter, F.S. Light aversion in the white 


rat. Psychol. Rec., 1941, 4, 235-250. 


. Kevrer, F. S., ann Scnoenretp, W. N. 


Principles of psychology. New York: 
Appleton-Century-Crofts, 1950. 


- Notrerman, J. M. Notes, Conference on 


the Experimental Analysis of Behavior, 
issued from Indiana University, April, 
1951. (Mimeo.) 


- Sattzman, I. J. Maze learning in the ab- 


sence of primary reinforcement: A study 
of secondary reinforcement. J. comp. 
physiol. Psychol., 1949, 42, 161-173. 


. ScHoENFELD, W. N., Antonitis, J. J., AND 


Bersn, P. J. A preliminary study of 
training conditions necessary for second- 
ary reinforcement. J. exp. Psychol, 
1949, 40, 40-45. 


. ScHoenFELp, W. N., Antoniris, J. J., AND 


Bersu, P. J. Unconditioned response 
rate of the white rat in a bar pressing 
apparatus. J. comp. physiol. Psychol., 
1950, 43, 41-48. 


. Sxinner, B. F. The behavior of organisms. 


New York: Appleton-Century, 1938. 


- Warven, C. J., Jenxins, T. N., anp 


Warner, L.H. Comparative psychology. 
New York: Ronald, 1936. Vol. III. 


. Winnicx, W. A. Response vacillation in 


conflict situations. Unpublished Doc- 
tor’s dissertation, Columbia Univ., 1949. 





THE EFFECT OF PRACTICE ON THE PERCEPTION 
OF OBSTACLES BY THE BLIND 


BY PHILIP WORCHEL AND JACK MAUNEY 
University of Texas 


In a previous study (8), the totally 
blind students at the Texas State 
School for the Blind were given 60 
trials in an obstacle test course to 
determine their ability to perceive 
obstacles. Of the 34 Ss, 27 or 79 per 
cent detected the obstacle on almost 
every trial in which the obstacle was 
presented and rarely reported its 
presence in the “check” or “blank” 
trials. This high . percentage was 
contrary to the impressions of other 
investigators (1) who felt that an 
adequate testing of the blind popula- 
tion would reveal a fairly small per- 
centage capable of utilizing the sen- 
sory cues available in a test situation. 
It is true that in evaluating the ability 
to perceive obstacles, we must con- 


sider the kind, size, shape, and posi- 


tion of the obstacles. It was a belief, 
however, in the general inability of 
the blind to perceive obstacles that 
led to recent research in obstacle- 
avoidance devices. A number of de- 
vices using supersonic, sonic, and light 
beams have already been developed 
and tested (1, 3). An evaluation of 
the ability of the blind person to orient 
himself without a device is necessary 
before the efficiency of the device 
can be determined. 

The present investigation is de- 
signed to determine whether the seven 
Ss who failed in the previous experi- 
ment by reporting two or more “false” 
perceptions on the “check” trials, or 
by colliding with the obstacle six or 
more times, or by giving mean “final 
appraisals” which increased with the 
distance of the starting position, 
could, under conditions favorable for 
learning, develop this ability. The 


fact that this performance could be 
learned has been well demonstrated 
in other investigations. Supa, Cot- 
zin, and Dallenbach (4), in their ex- 
periment on the essential cues in ob- 
stacle perception, found that their 
two naive sighted Ss reached the cri- 
terion of 25 successes (that is, trials in 
which the S did not collide with the 
obstacle) in 44 trials. Worchel and 
Ammons (5), using 10 sighted Ss, 
studied the course of learning in the 
perception of obstacles, and found 
that their Ss required 30 to 90 trials 
to perceive the obstacle 25 times in 
30 trials. The Cornell experiments 
(2,4, 7) have definitely shown that 
the essential sensory requirement for 
the successful perception of obstacles 
is hearing. Deafness for tones above 
8000 cycles (2) prevents the acquisi- 
tion of this ability (6,7). Worchel 
and Dallenbach (7) set up a training 
series of 300 trials for 10 deaf-blind Ss. 
At the end of that time, however, 
their Ss showed no improvement. 

It might easily be argued that any 
training program in obstacle percep- 
tion for Ss who have been blind for 
some length of time is futile since they 
already have been exposed to con- 
siderable practice. If they could have 
developed this ability, they would 
have done so early in their blindness. 
However, Jerome and Proshansky (3), 
in comparing the efficiency of blind Ss 
to perceive obstacles with and without 
a device, found that “the surprising 
thing about these results is the dra- 
matic improvement in the performance 
of sophisticated blind subjects as a 
result of training in the detection of 
obstacles. To be sure, this might 
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apply only to the specific situation 
which obtains in an obstacle course. 
There is, however, the possibility that 
systematic training in obstacle de- 
tection could greatly improve the 
performance of many blinded indi- 
viduals, even including those who al- 
ready have some skill. A further 
study of these possibilities, and of the 
training techniques required, would 
seem desirable.” 


PROCEDURE 


The seven totally blind Ss who failed in the 
previous experiment (8) in the obstacle test 
course participated in the present experiment. 
These Ss reported two or more “false” percep- 
tions in the six “check” trials, or collided with 
the obstacle more than five times in the 54 trials 
with the obstacle. Their mean “final apprai- 
sals” increased with the distance of the starting 
position from the obstacle. Table I presents 
the sex, age, duration of blindness, school grades, 
and the report from the oculist on these Ss. 
Audiograms were all normal. 

The training and testing took place outdoors 
on a concrete walk 65 ft. long and 8 ft. wide. 
This walk bisected a grass-covered plaza which 
was bounded on all sides by streets and buildings. 
The nearest building was approximately 100 ft. 
distant. 

In all trials the obstacle which was placed 
perpendicular to the path was an unpainted 
masonite board 4 ft. wide and 4 ft. 10 in. high. 
This board was attached to a wooden frame 
mounted on ballbearing rollers, so that its lower 
edge was 2 ft. above the walk and its upper edge 
was 6 ft. 10 in. above the walk. 

The blindfold used was a pair of blackened 
U.S. Navy Variable Density Goggles. These 
goggles were a most excellent blindfold because 
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they fitted snugly to the face, and because of the 
knob that protruded from them. In cases of 
collision, this knob served as a buffer to catch 
the shock and thus protect the more vulnerable 
portions of the face. 

The experiment was conducted in the after- 

noons. The training session consisted of giving 
each S seven series of 30 trials each, or a total of 
210 trials in the obstacle course. Two series 
with a 5-min. rest interval between were given 
daily. On the fourth day, only one series was 
given. 
Each day, prior to the first trial, the following 
instructions were read to the S: “A blindfold will 
be placed over your eyes so that you will not have 
more skin showing than sighted poeple who have 
done this experiment previously. After you are 
blindfolded, you will be led about this area, in 
order that you will not know how far you are 
away from this movable obstacle. After a short 
time, you will be placed facing the obstacle near 
the right-hand side of the sidewalk. When you 
are tapped on the back, walk forward toward the 
obstacle. Walk near the right edge of the side- 
walk and use this edge as a guide toward the 
obstacle. If you should leave the walk, return 
to the walk at once and continue on toward the 
obstacle. When you first feel that something is 
in front of you, stop and raise your right arm. 
Then, lower your arm and continue to walk to- 
ward the obstacle. Approach it as closely as 
possible without touching it. When you have 
done that, raise your left arm and stand still. 
As we wish to know how well you can do this, 
you will be asked to approach the obstacle many 
times.” 

After the instructions were read to the S, a 
blindfold was placed over his eyes. The S was 
then led about the experimental area to disorient 
him, and then placed haphazardly 6, 12, 18, 24, 
30, or 36 ft. from the board. 

The position of the obstacle and of the start- 
ing position were both varied. This insured 
that the S could not possibly ascertain the posi- 
tion of the obstacle through the medium of sec- 


TABLE I 
A DescripTion oF THE SeveN Ss 1n THE Present Stupy 
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Eye Diagnosis 





<S"S55" 











Calcarious Lens 
Optic Atrophy 
Anophthalmos, Uveitis 
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ondary cues derived from the irregularities of the 
sidewalk. 

The S gave two reports: When he first per- 
ceived the obstacle (“first perception”) and when 
he thought he was as close as he could get without 
touching the obstacle (“final appraisal”). The 
first perceptions were measured to the nearest 
ft. and the final appraisals to the nearest in. 
Before each trial, the S was led by the E in a 
circuitous route on the grass to disorient him. 

The Ss always approached the obstacle from 
the west in order to prevent the shadow of the 
obstacle from falling on the S as he neared the 
board. 

In order to facilitate learning as much as pos- 
sible, the following rules of procedure were 
utilized. (1) Punishment: The S was not pre- 
vented from colliding with the obstacle. (2) 
Reward: If S’s appraisals were 1 ft. or less from 
the obstacle, he was praised by a pat on the back 
and told that his performance was good. (3) 
Withholding reward: Whenever appraisals were 
more than | ft. or the performance was much 
poorer than previous ones, praise was omitted. 
(4) Knowledge of results: After every appraisal, S 
was led up to the obstacle so that he could know 
the amount of his error. 

The test session was given after each S had 
completed his 210 training trials. The proced- 
ure of the test trials was the same as that used in 
the previous experiment (8). Sixty trials were 
given. After each S had given his “final ap- 
praisal,”” however, he was not led up to the board. 
No comments were made at any time during this 
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series. Six “blank” or “check” trials, in which 
the obstacle was placed not in S’s path but flat 
on the ground to one side, were introduced at 
random as in the previous experiment. None of 
the Ss knew that these “blank” trials were to be 
introduced. On these “blank” trials, if the Ss 
did not give any report during the entire length 
of the walk (65 ft.), the E would merely start 
him on the next trial without making any com- 
ment. 


RESULTS 


In order to show the effect of the 
training session on the ability of our 
blind Ss to perceive obstacles, we have 
presented in Table II the results for 
each S of the 60 pre-practice trials of 
the previous experiment (8). Table 
III shows the results of the 60 post- 
practice trials given under similar 
conditions in the present experiment. 
The improvement in the ability of all 
the blind Ss to perceive the obstacle 
is evident. 

In the pre-practice session, the 
means of the “first perceptions” and 
“final appraisals” increase for all the 
Ss with the distance of the starting 
points, i.e., the farther the starting 
distance the larger the means. For 


TABLE II 


Tue Mean Distance AND VARIATION (IN FT.) OF THE “First PercepTION” AND “FINAL 
APPRAISAL” FoR Every Startinc Position, THE Totat NuMBER oF COLLISIONS AND 
“Fa.tse PERCEPTIONS” IN THE Pre—Practice Series (60 Triats) * 
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TABLE III 


Tue Mean Distance anp VaRIATION (IN FT.) OF THE “First PercerTion” anp “Finat 
AppRAISAL” For Every Startinc Position, THE TotaL NumBer or CoLLisions AND 
“Fatse Perceptions” in THE Post—Practice Series (60 Triats) 
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example, JM’s mean “first percep- 
tions” at the different starting points 
are 6.00 at 6 ft., 9.78 at 12 ft., 12.22 
at 18 ft., 14.88 at 24 ft., 14.55 at 30 
ft., and 23.62 at 36 ft. His mean 


“final appraisals” are 0.39 at 6 ft., 
1.09 at 12 ft., 1.66 at 18 ft., 1.07-at 
24 ft., 1.07 at 30 ft., and 2.89 at 36 ft. 
These results indicated that the deter- 
mining factor for the perception of 
these Ss was not their perception of 
the obstacle but the distance of the 


starting points from the wall. Sheer 
chance within the limitations set by 
the distances of the starting points 
accounts for these results. 

When, for example, the S started 
from the 6-ft. position, he could stop 
for his “first perception” and “final 
appraisal” only at points less than 6 
ft. and greater than O ft. (the trials at 
which he collided with the wall—the 
0-ft. points—were omitted from the 
calculations of the means). His 
means had to fall within those limits. 
When he started from the 12-ft. posi- 
tion, he could stop anywhere between 
the 12-ft. and 0-ft.; and similarly with 


the other starting points. By chance 
alone, the means of the trials from the 
different starting points would in- 
crease with the distance of the start- 
ing points. It is unreasonable to 
assume that the mean “final apprai- 
sals,” that is, the point at which the 
S got as close to the obstacle as possi- 
ble without touching it, would increase 
with the starting position if the S pos- 
sessed the ability to perceive ob- 
stacles. 

_In the post-practice trials, greater 
consistency in mean “first percep- 
tions” and “final appraisals” for each 
of the starting points is found. For 
JM, the mean “first perceptions” at 
the respective starting points are 6.00 
ft., 7.50 ft., 10.00 ft., 7.00 ft., 7.50 ft., 
and 5.50 ft.; for the mean “final ap- 
praisals,”’ the results are 0.11 ft., 0.17 
ft., 0.11 ft., 0.11 ft., and 0.26 ft. 

The training session not only re- 
sulted in consistent performance but 
in more accurate localization of the 
obstacle. In the post-practice trials, 
every mean “final appraisal’ was less 
than 1 ft., and all but one mean 
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variation was less than 0.50 ft. In 
the pre-practice trials, the mean “fi- 
nal appraisals” range all the way up to 
5.56 ft., with mean variations up to 
4.59 ft. 

A still more accurate index of ob- 
stacle perception is the number of col- 
lisions. The training session resulted 
in a significant decrease in collisions. 
Prior to training, the total number of 
collisions for the seven Ss was 56. 
After training, the total number of 
collisions was only 19. The character 
of the collisions differed considerably. 
Most of the collisions in the pre-prac- 
tice series were forceful and unex- 
pected; in the post-practice series, the 
Ss collided with the obstacle while 
“inching” up to it. They reported 
“knowing” the obstacle was there, 
but were curious as to how far they 
were from it. They also wanted to 
better their “final appraisals.” 

One of the best tests of the “‘ob- 
stacle sense”’ is in the number of false 
perceptions. The check trials in 


which the obstacle is removed from 
the path gives us an opportunity to 
test the chance hypothesis. Also 
since the Ss did not know when the 
check trials occurred, or even that 
they were to be given, their reports in 
these trials may be samples of their 
reports in the entire experiment. 
Prior to training, three Ss reported 
“first perceptions” in all six check 
trials. The mean number of false per- 
ceptions for the seven Ss was 4.5. 
After training, only one S reported 
one false perception. This striking 
reduction in the number of false re- 
ports is all the more remarkable since 
the check trials were not given during 
the training series and were intro- 
duced in the test series without S’s 
knowledge. All the Ss were able in 
the check trials to discriminate in- 
stantly the many conflicting and false 
cues such as shifting winds, sudden 
changes in sound intensity, and 
changes in light and temperature as 


TABLE IV 
Responses or Buiinp SuBjects TO QUESTIONNAIRE ON OpsTACLE AVOIDANCE 








Question 


Responses by S 





JD 


JM 


DP 


GK 





1. In new places, do 
you collide fre- 
quently? 


Am very 
cautious 


Yes 


Would be 
very careful 


Depends on 
breeze, if its 
not too 
strong 





. Have you ever 
used a cane? 


No 


No 


No 


No 


Very little 





. Do parents help 
you get around? 


Only when 
I gotoa 
strange 
place 


Yes, quite 
a bit 


Yes, when I 
am with 
them 


Only in new 
places 


No, but fa- 
ther explains 
new layout 





. Does brother or 
sister help you? 


A little 


Live with 


she helps 


grandmother, 


If necessary 


Sister helps 





. At the school 
here, do you learn 
your way around? 


I just get 
around 


Like a re- 
ex 


Go by in- 
stinct, just 

ow where 
to go 


Know where 
I am, like at 





. Do you think our 


training has helped 


you avoid ob- 
stacles? 





Yes 





Yes, 
slightly 





Yes, gave 
me an idea 
how close I 
can get to 
something 
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the sun moved from or behind the 
clouds. 

The course of learning in the 210 
training trials is very similar to that 
secured in a previous study by Wor- 
chel and Ammons (5). All the Ss 
showed striking improvement within 
the first 30 to 60 training trials. The 
additional trials may not have been 
necessary. With additional practice, 
performance time decreased. In some 
cases, the few collisions that occurred 
resulted toward the end of the train- 
ing series when the Ss became more 
confident and began to “inch” up to 
the board. 

In order to determine the possible 
factors that have prevented these 
blind Ss from acquiring the ability to 
perceive obstacles during their many 
years of blindness and to determine 
the extent, if any, of transfer of train- 
ing from the present experiment, the 
Ss were questioned on their past and 
present performance. Table IV pre- 


sents the questions and the responses 


of the individual Ss. It is possible 
that dependence on parents, siblings, 
or cane retarded the development of 
this perceptual ability. All the Ss re- 
ported some kind of assistance in 
strange places. Even under the fami- 
liar school environment when getting 
about is almost a matter of “reflex,” 
all the Ss but one (BW) reported some 
kind of positive transfer. 


Discussion 


The present experiment shows the 
striking improvement in the ability of 
our blind Ss to perceive an obstacle 
as a result of a short training session. 
These results together with those of 
Jerome and Proshansky (3) on the 
improvement of sophisticated Ss sug- 
gest the advisability of systematic 
training on the blind in obstacle ori- 
entation. The trial-and-error pro- 
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cedures to which the blind resort in 
detecting obstacles are not always 
efficient and may often prevent or 
retard the development of obstacle 
perception. Training with all kinds 
of obstacles and under all sorts of 
conditions may yield even better re- 
sults. Even under our limited con- 
ditions, transfer was evident to the 
extent that it made most of the Ss 
aware of the proximity of objects. A 
control group without any training 
would have been desirable if the Ss 
had been available. 

The results of this experiment and 
of the preceding one (8) also indicate 
the limited use to which any obstacle 
advoidance device should be put. 
The device should not replace, but, 
rather, should supplement whatever 
ability the S possesses in orienting 
himself. It is possible that the device 
will be of most use in the detection of 
obstacles that cannot be perceived by 
normal cues. Low objects, very nar- 
row objects, step-downs, etc., are 
handicaps which may best be per- 
ceived by some kind of obstacle de- 
vice. Also, situations in which there 
is considerable noise may interfere 
with the ability of the blind person to 
receive specific auditory cues in de- 
tecting obstacles. A device using 
tactual signals may be of considerable 
aid in these situations. Sole de- 
pendence on the device, however, 
may well be a detriment. Further 
experimentation is necessary before 
the role and kind of obstacle avoid- 
ance device are determined, but this 
determination should depend upon 
the results of intensive training and 
exploration of the capacities of the 
blind Ss to get around their environ- 
ment without a device. 

The results of our questionnaire 
point to the possibility that depend- 
ence on parents, siblings, or cane may 
interfere with the acquisition of the 
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ability to perceive obstacles. The 
same questions should be presented to 
other experienced blind Ss who pos- 
sess this ability before definite conclu- 
sions can be reached. The role of 
any such aids should be evaluated in 
any training program. 


SUMMARY AND CONCLUSIONS 


In order to determine the effect of 
training in the perception of ob- 
stacles, seven totally blind Ss, who 
had failed previously in an obstacle 
test course, were given 210 training 
trials under conditions favorable for 
learning. The post-practice test ser- 
ies showed for all the Ss: 


1. Greater consistency in “first per- 
ceptions,” regardless of the distance 
of the starting point from the ob- 
stacle. 

2. Smaller and more consistent 
“final appraisals.” 

3. Fewer collisions with the ob- 
stacle. 

4. Only one “false perception” in 
the blank trials. 


Under the conditions of our ob- 
stacle course, systematic training in 
the perception of obstacles resulted in 
the development of this ability to an 
extent equal to that possessed by ex- 
perienced Ss. A systematic course 
in perceptual recognition and detec- 
tion of objects for the blind may be of 
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considerable aid and shorten the pe- 
riod of trial-and-error procedure usu- 
ally adopted by the blind. 


(Manuscript received February 9, 1950) 
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THE GROWTH AND DECAY OF REACTIVE INHIBITION 
AS MEASURED BY ALTERNATION BEHAVIOR 


BY DAVID ZEAMAN AND BETTY J. HOUSE 


University of Connecticut ' 


A rat’s tendency not to repeat his 
recent responses is a very stable phe- 
nomenon. In a two-choice situation 
this phenomenon emerges as an “‘alter- 
nation” tendency. It appears under 
a wide variety of experimental condi- 
tions and seems to be both qualita- 
tively and quantitatively reproduci- 
ble. If a rat is run repeatedly on a 
single T-maze, for example, with 
equal reward on both goal arms, he 
will choose first one arm and then the 
other and continue to alternate be- 
tween the two paths with a percent- 
age of alternations determined by, 
among other things, the time between 
trials and the effort expended on the 
two arms. A detailed review of the 
literature relevant to the alternation 


phenomenon has been published re- 
cently by Solomon (10), who at the 
same time has made a theoretical con- 
tribution in this area by pointing out 
the applicability of Hull’s construct, 
reactive inhibition, in an explanation 
of a rat’s tendency to avoid repeating 


his last response. A simple restate- 
ment of Hull’s Postulate 8 helps to 
make clear the relationship between 
theory and alternation data: 


Postulate 8. Whenever a reaction (R) 
is evoked in an organism there is created 
as a result a primary negative drive (D); 
(a) this has an innate capacity (Jp) to 
inhibit the reaction potentiality (sER) 
to that response; (4) the amount of net 
inhibition (fp) generated by a sequence 
of reaction evocations is a simple linear 
increasing function yf the number of 
evocations (m); and (c) it is a positively 


1 The experimentation for this study was per- 
formed in the Psychological Laboratories of 
Brown University. 


accelerated increasing function of the 
work (W) involved in the execution of 
the response; (d) reactive inhibition 
(Ig) spontaneously dissipates as a simple 
negative function of time (¢’’’) (6, p. 300). 


Applying this postulate to the 
single T-maze situation frequently 
used to study the alternation tend- 
ency, the reaction evocation potential 
(sER) associated with both goal arms 
would be approximately equal as a 
result of the equal reward of both re- 
sponses, but the inhibitory potential 
(Ig) would be strongest for the re- 
sponse made most recently in time, 
since the Jp generated by that re- 
sponse would not have had as much 
time to dissipate spontaneously. 
Given the other relations between 
excitation, inhibition, and perform- 
ance in Hull’s theory, stronger inhibi- 
tion of the most recent response in 
time yields a prediction of an alterna- 
tion tendency. 

Alternation behavior may therefore 
be explained with the aid of the same 
construct (Jz) as has been used in 
giving an account of such other be- 
havioral phenomena as spontaneous 
recovery, the superiority of spaced 
over massed practice, reminiscence, 
extinction, the law of least effort, and 
the greater ease of learning a single 
alternation maze with massed rather 
than spaced trials. 

In addition to predicting the raw 
occurrence of the alternation tendency 
Hull’s theory may be deductively 
elaborated to predict some of the 
determinants of the tendency. If it is 
accepted from the foregoing analysis 
that in the simple two-choice equal- 
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reward situation, alternation tend- 
ency is directly related to the amount 
of Ir built up, then alternation 
tendency will have the same quantita- 
tive determinants as Jp. There fol- 
low, then, from Postulate 8 three de- 
ductions: Alternation tendency will 
be (1) a negatively accelerated de- 
creasing function of the time between 
responses; (2) a positively accelerated 
increasing function of the work in- 
volved in the execution of the re- 
sponse; and (3) a simple linear in- 
creasing function of the number of 
evocations. 

Evidence already exists which will 
serve as tests for the first two deduc- 
tions. Heathers (5) has shown that 
the percentage of alternation de- 
creases linearly as the time interval 
between responses is increased to 120 
sec. Beyond this interval alternation 
gradually approached the chance level 
of 50 per cent, causing the entire 
function to flatten out and be over 
all negatively accelerated as predicted 


by theory. Weitz and Wakeman 
(11) also found alternation tendency 
to decrease with the interval between 
responses up to approximately 60 sec., 
after which their function began to 


rise. Their investigation, although 
employing many fewer animals than 
that of Heathers’, throws some doubt 
on the latter’s measurement at the 
120-sec. interval. Dennis (1), in re- 
viewing the many alternation studies 
from his laboratory, concluded that 
the phenomenon is consistently re- 
producible with intervals of 60 sec. or 
less. Also, Solomon (9) has been 
able to reproduce Heathers’ 60-sec. 
interval measurement of 75 per cent 
alternation almost exactly, so it is 
likely that the early part of the func- 
tion at least can be considered as well 
established. Some confirmation of 
the first deduction can therefore be 
stated to exist. 
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The second deduction cited above 
has been investigated by Solomon 
(9) as an explicit test of Hull’s theory 
He reasoned that if, indeed, Jp is re- 
sponsible for alternation behavior, the 
tendency should be stronger when more 
work is involved in the reactions. 
This was tested experimentally by 
inclining the two goal arms of a single 
T-maze at a 16° angle from horizontal, 
so that greater effort would be ex- 
pended by the rats in climbing to the 
food boxes. The added effort signifi- 
cantly increased the alternation per- 
centage from 74 to 90. Further in- 
creasing the effort by loading the rats 
with a lead-weight saddle did not 
further increase this high percentage 
of alternation. It was pointed out 
correctly by Solomon that Hull’s the- 
ory was the only one extant which 
would predict both temporal and 
effort effects. 

The third deduction from Hull’s 
theory has not as yet been subjected to 
empirical test. It is one of the pur- 
poses of the present paper to do this. 
If the amount of reactive inhibition is 
built up by increasing the number of 
identical responses in a short period of 
time (i.e., massing of trials), the the- 
ory would predict that the percentage 
alternation would increase proportion- 
ately. Atranslation of this statement 
into experimental terms appropriate 
to the test of alternation behavior 
would state that on a single T-maze, 
other factors constant, the greater the 
number of times a response is forced 
in rapid succession to one side, the 
greater will be the tendency for the 
alternate response to occur when the 
opportunity is given.2, The most im- 


2In anthropomorphic terms this behavior 
might be viewed as “obstinacy” equivalent to 
the verbal response, “I won’t go to the side I’ve 
been forced to go to”; or as “supersitious opti- 
mism” equivalent to, “Maybe;there’s something 
better on the other side this time.” 
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portant factor which must be con- 
stant is simply that no great differ- 
ence in habit exist for running to 
either side, a condition which is met by 
previously rewarding both responses 
a large number of times. The growth 
of inhibition will be demonstrated by 
the rise in the function relating the 
number of massed, forced trials to 
percentage alternation. 

It is the added purpose of this in- 
vestigation to show the decay of in- 
hibition by the fall in the curve relat- 
ing the percentage alternation to the 
time interval between the massed, 
forced trials and the test of alterna- 
tion. This relationship, it is believed, 
may have an important bearing on the 
nature of J. 


Ss ano APPARATUS 


Animals.—The animals used in this experi- 
ment were 20 female albino rats of Wistar stock, 
from the Brown University rat colony. They 
ranged in age from 110 to 160 days. 

Apparatus.—A single T-maze made of three 


wooden blocks, each 30 in. long, 12 in. high, and 
1} in. wide, comprised the main piece of ap- 


paratus. At the end of each maze arm there was 
a feeding platform with a small cup of wet 
Purina Laboratory Chow mash. The maze was 
always situated in the same place in a well- 
lighted experimental room providing distinctive 
cues on each side of the choice point. Forced 
trials were given by removing one or the other 
arm of the T. This eliminated the single choice 
point and converted the maze to an L-shaped 
runway. 

In duplicate apparatuses, each E collected 
half the data, using half the animals under all 
conditions. The data from the two E£’s were 
not significantly different. 


PROCEDURE 


Pre-training.—All animals were pre-trained 
by placing them on a 24hr. feeding schedule 
and giving them 10 food-rewarded runs on a 
straight runway each night for three nights. 

Building large and equal habit strengths —The 
primary objective of the first part of the experi- 
mental procedure was to build up very large and 
equal habit strengths for running to both the 
left and right arms of the single T-maze. One 
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hundred rewarded trials were given on the left 
side of the maze, 100 on the right. For a given 
session, one goal arm of the T was removed and 
10 forced trials run to the other. The reinforce- 
ment consisted of 5 sec. of eating at approxi- 
mately 24 hr. of drive. The inter-trial interval 
was 10 sec., including eating time. The direc- 
tion of forced trials was randomly changed from 
day to day according to the pattern: RLLRLR- 
RLRLRLLRLRRLRL. Half the animals re- 
ceived this pattern; half received the opposite. 
On each day, 10 sec. after the last forced trial, 
an alternation test trial was conducted by re- 
placing the missing goal arm of the T. 

After 100 forced trials (10 days), the running 
times to both sides had declined to a single 
asymptotic value which held for the second 100 
trials. This was accepted as evidence that very 
large and equal habit strengths had been built 
up for running to both sides of the T-maze. On 
the last 10 days, all animals had alternated with 
100 per cent frequency on the alternation test 
trials, i.c., they always chose the side opposite 
to that to which they had just previously been 
forced. 

Decay of alternation tendency.—The goal of the 
next part of the experimental procedure was to 
introduce varying periods of delay between the 
series of forced trials and the alternation test 
trial to determine the rate of decay in time of the 
alternation tendency. At 10-sec. delay, the 
previous procedure had established the tendency 
at a strength of 100 per cent alternation. A 
delay of 24 hr. was tried by administering the 10 
forced trials just before feeding on one night, 
and giving the alternation test trial on the next. 
The resulting percentage of alternation was at 
chance level. This meant that the same animals 
could be used over and over again at varying 
delay intervals provided only that a day’s rest 
intervened. A total of eight delay periods was 
employed. These are given in Table I. 

The independent variation of delay period 
tended to produce concomitant changes in the 
drive level at the time of the forced trials and/or 
the time of the alternation test trial. In order 
to keep drive on these occasions as constant as 
possible, resort was made to two different experi- 
mental sequences. For the long delay periods 
Sequence A started with the forced trials at 24 
hr. of drive, followed immediately by feeding 
and the onset of the delay period. The alterna- 
tion test trial terminated the delay period. 
Sequence B, for the shorter delay periods, 
started with the daily feeding; later (24 hr. minus 
the delay period) the forced trials were run fol- 
lowed in order by the delay period and the 
alternation test trial. The drive levels pro- 
duced by these schedules are presented in 
Table I. 
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TABLE I 


Summary oF Drive Levets aT THE 
Various Detay INTERVALS 








Drive Level 
at Forced 


Drive Level 
at Alternation 
Test Trial 


Trials 
(hr. of depriv.)| (hr. of depriv.) 

















* The delay interval of zero hours is actually 
10 sec. The drive levels given in hours of dep- 
rivation should all have 20 min. subtracted for 
the duration of the feeding period. The amount 
of food eaten during the forced trials is not re- 
garded as materially affecting the drive strength 
produced by 2¢4 hr. of deprivation. 


The only point at which the lowered drive 
made a difference in the highly stable running- 
times of the forced trials was at the 12-hr. drive. 
As a brief control, at the conclusion of this part 
of the experiment 12 animals were given a 12-hr. 
delay test in which they had forced trials run at 
24 hr. drive (Sequence A). Eight out of 12 
alternated, giving a percentage in good agree- 
ment with the final smooth function. This 
evidence is slight, but taken in conjunction with 
another fact supports with some st ength the 
argument that the variable of drive, concomitant 
with delays as it is over part of the range, is not 
responsible for the variation in alternation tend- 
ency. This other fact is that the sharpest region 
of change in alternation percentage lies at the 
periods of relatively short delay—10 sec., and 
4, 1, and 4 hr.—which introduce only slight 
variations in drive during the forced trials, and 
consequently no observable difference in per- 
formance during these forced trials. It might 
also be added that there is no obvious theoretical 
reason why the drive should affect the alterna- 
tion strength in this way, whereas the theoretical 
grounds for expecting the delay to do so has al- 
ready been explicated. 

The growth of alternation tendency.—The sec- 
ond half of the experiment had as its objective 
the determination of the rate of increase rather 
than decrease of alternation tendency. Ten 
forced trials in rapid succession had been shown 
to build up alternation tendency to 100 per cent 
after a short delay. A series of a smaller num- 
ber of forced trials was next tried. Using a 1-hr. 


delay, 1, 2, 4, and 7 forced trials were run with 
Sequence B. One-hour delay was chosen because 
it yielded a continuous change in alternation 
percentage over the range produced by 1 to 10 
forced trials. 

The only obvious complicating factor would 
be drive again, varying simultaneously with 
numbers of forced trials because of the amount 
of food eaten as reinforcement on each trial. 
This effect would be slight, however, in view of 
the very short period (5 sec.) of eating allowed 
the animal on each trial. 

One remaining condition of experimentation 
should be made explicit in case a question arises 
over the varying number of alternation tests 
conducted at the different delay intervals. It 
was not necessary to follow a rigid experimental 
schedule of a constant number of animals run 


.every day or every other day. The fact that 


one day’s rest completely eliminated the previ- 
ous day’s experimental effect, coupled with the 
fact that two days’ rest would not materially 
diminish by retention loss the very large and 
equal habit strengths on the T, together meant 
that any convenient number of animals could 
be run on a given night. The simple policy was 
adopted of running more tests at those points 
where the function was undergoing the most 
change. 


RESULTS 


Training.—The training adminis- 
tered on the right and left L-shaped 
runways yielded two learning curves 
of running-times. The only part of 
these curves relevant for the present 
study are the asymptotes, which were 
long and equal. During the first 50 
reinforcements on each side, running- 
times decreased from an original 
median value of 12 sec. to an asymp- 
tote of 2.0 (+.2) sec. The median of 
2 sec. held throughout the remaining 
50 trials on each side. The assump- 
tion that the large and equal numbers 
of reinforcements on both sides of the 
T produced large and equal habit 
strengths is supported by the con- 
stancy of the running-time asymp- 
totes and their equality. Further 
evidence of the validity of this assump- 
tion will be given. 

Decay of alternation tendency.—The 
spontaneous rate of decay in time of 
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TABLE II 


ALTERNATION TENDENCY AS A Joint Function 
OF THE NuMBER oF Massep, Forcep 
TRIALS AND THE NumBER oF Hours 

DELAY BEFORE THE ALTERNATION 
Test TriaL 








Total No. Rats Alternating 
Total No. Test Trials 








200/200 
50/56 
44/52 
38/47 
30/46 
32/45 
27/48 
30/59 


25/41 
31/41 
28/41 
37/41 
44/52 














the alternation tendency can be seen 
most readily in Fig. 1, which relates 
graphically the two variables. The 
numerical values are presented in 
Table II. 

The alternation percentage starts 
at 100 after the 10-sec. delay (graphed 
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as zero hours), drops rapidly during 
the first few hours, and falls more or 
less constantly thereafter until a 
chance level is reached between 18 
and 24 hr. The over-all course of 
change is negatively accelerated. 

A least-squares method of curve 
fitting was used to fit a theoretical 
decay function to the data. The 
equation of the theoretical curve is 


Alternation Percentage 
= (49 x 10--**) + 50, 


where ¢ is the time in hours. This 
curve gives a reasonable fit, as is in- 
dicated by the fact that all points but 
the 12-hr. value deviate from the 
curve by not more than one standard 
error of the estimate (4, pp. 301- 
303). The method of deriving the 


3 The standard error of a proportion used here 
is probably an attenuated measure of the vari- 
ability in the general population of animals. 
This arises from the use of a single animal’s data 
more than once in a given proportion, a proce- 
dure which reduces the variability around a 
proportion that might be due to individual dif- 
ferences in alternation tendency. In using such 
an attenuated measure of op, we are giving a 
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PER-CENT ALTERNATION 
o 











ia* 
TIME IN HOURS 


Fic. 1. The rate of decay of alternation tendency after 10 forced responses in massed sequence. 
The filled circles are the empirical percentages of alternation. The unfilled circle is a semi-empirical 
point derived from Fig. 2, as explained in the text. 
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Fic. 2. Alternation tendency after 1-hr. delay, as a function of the number of preceding forced 


trials given in massed sequence. 
nomenon can take place. 
explained in the text. 


semi-empirical point is given in the 
next section. 

The growth of alternation tendency. 
—Figure 2 shows the increase in tend- 
ency to alternate at a single choice 
point as the number of preceding 
forced trials is increased. The delay 
period between the series of massed, 
forced trials and the alternation test 
is l hr. After only 1 forced trial the 
percentage alternation is not signifi- 
cantly greater than chance, but after 
2, 4, 7, and 10 trials, the percentages 
achieve significance. Computation 
of the standard error of a proportion 
(4, pp. 77-78) shows these values to 
be more than 2.5 o, higher than the 
chance level of 50 per cent.‘ 


conservative estimate of the goodness of fit of 
the theoretical curve to the empirical points. 

‘The reliability of these proportions being 
greater than chance has been somewhat over- 
estimated here through use of the attenuated 
standard error of a proportion. The large size 
of the last two proportions and the fact that all 
five are above the chance level are perhaps 
enough to establish the non-chance nature of 
the function. 


The dotted lines delimit the range over which the alternation phe- 
The unfilled circle is a semi-empirical point derived from Fig. 1 and 


The theoretically expected function 
here is linear; so the least-squares 
method was used to find the best- 
fitting straight line. Although there 
appears to be considerable variation 
of the empirical points around the 
linear function, all values fall within 
one standard error of the estimate 
(oz). The equation of the straight 
line is 


Alternation Percentage 


= 2.6 N + 6, 


where N is the number of forced trials. 

The 10-trial value is common to 
Fig. 1 and Fig. 2. A new set of test 
trials was not run to obtain the empir- 
ical point for this function. The best- 
fitting line estimates a higher value 
at the 10-trial point. It is this esti- 
mate which is carried over to the first 
graph and plotted as a semi-empirical 
point. This value is validly termed 
semi-empirical in that it is weighted 
by all the empirical points in Fig. 2, 
and weighted by whatever outside 
evidence supports the theory calling 
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for this equation form. In similar 
fashion and for the same reasons a 
semi-empirical point was found by 
interpolation of the theoretical curve 
of Fig. 1 at the I-hr. delay level. 
This value appears in Fig. 2 at 10 
trials, drawn as an unfilled circle. 
Both of the semi-empirical points fall 
closer to the theoretical curves, al- 
though this was not a necessary out- 
come of the procedure. 

This straight line predicts that it 
would require 14 forced trials to pro- 
duce 100 per cent alternation at the 
l-hr. delay level. The straight line 
cannot be extrapolated to the zero 
forced-trial point, however, because 
this would have no meaning. With no 
forced trials preceding the test, we 
cannot specify what response should 
be termed “alternation.” 


THEORY AND Discussion 


The relationship between Hull’s 
theory and alternation tendency has 
been made explicit by identifying the 


process with the growth and dissipa- 


tion of reactive inhibition (Jz). Evi- 
dence has been presented in this and 
previous studies to show that all the 
qualitative determiners of Jp also 
affect alternation percentage and in 
some quantitatively similar ways. 
The equation forms used to describe 
the empirical data were dictated by 
Postulate 8 (6). The constants of 
these equations, however, may be 
specific to the given apparatus, Ss 
and procedure. In fact, the constant 
controlling the rate of decay of the 
alternation percentage makes the 
process slower than the rate of Jr 
dissipation usually inferred from other 
empirical indices. Illustrative ex- 
amples may be cited to support the 
point. The rate of spontaneous re- 
covery is theoretically an anchoring 
process measuring the rate of Jp de- 
cay. Miller and Stevenson (8) re- 
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port the spontaneous recovery of a 
locomotor response in the rat to be 
nearly complete in 1 min. Graham 
and Gagné (3) give evidence of a some- 
what slower rate of recovery of a 
similar response, 3 min. being re- 
quired to approach an apparent limit. 
Ellson (2) found the limit of rise of 
spontaneous recovery of the lever- 
depressing response to be reached at 
approximately 3 hr. A rest interval 
introduced during closely massed ac- 
quisition trials produces a spontaneous 
recovery of performance commonly 
called reminiscence, another anchor- 
ing process for measuring Jp decay. 
Kimble and Horenstein (7) performed 
a reminiscence experiment with hu- 
man subjects on a pursuit rotor task 
and inferred from their data that the 
Ig generated in that situation was 
completely lost in 10 min. of rest. 
Of the host of studies demonstrating 
the superiority of distributed over 
massed learning trials, the effect has 
usually been shown when the variable 
of inter-trial interval is of the order 
of magnitude of minutes rather than 
hours. All of these data, while not 
highly consistent with each other, 
may be contrasted with the findings 
of the present experiment in a single 
respect, namely, that the inferred 
rate of decay of J is faster than decay 
of alternation tendency after 10 
forced responses. 

Two possible explanations of this 
will be considered. The first states 
simply that there is an inhibiting 
factor involved in the alternation 
situation which resembles reactive 
inhibition in that it has all of J,’s 
qualitative determiners, decays spon- 
taneously and with negative accelera- 
tion, but which dissipates at a rate 
somewhere between that of the rela- 
tively volatile Jz and the more perma- 
nent slg. The consequences of such 
an explanation, while directly deduci- 
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ble, are largely programmatic. It 
would be necessary to collect large 
numbers of inferred Jpg decay curves 
from the wide variety of empirical Jp 
anchors, attempt to fit a single equ- 
ation form to these curves, and then 
make a distribution of the rate-of- 
decay constants (q). The above ex- 
planation would predict a bi-modal 
distribution of qg’s. The hypothesis 
might also be tested by a small pro- 
gram of research within the area of 
alternation experiments. It will be 
recalled that Heathers and others 
found the decay of alternation per- 
centage to be a matter of minutes 
when only a single response preceded 
the alternation test trial, in contrast 
to the many hours needed in the pres- 
ent experiment when 10 massed 
forced trials preceded the alternation 
test trial. The question arises at 
what rates will alternation percentage 
decay when varying numbers (be- 
tween 1 and 10) of forced trials are 
tried. How much of the fast decay- 
ing Jr must one build before the 
slower decaying stuff is obtained? 
The experimental answer to this 
question is presently under investiga- 
tion by B. J. House. If the above 
two-kinds-of-Jp hypothesis is true, 
the varying rates of decay of alterna- 
tion percentage after varying numbers 
of forced trials will divide themselves 
dichotomously. A simpler outcome 
may be the finding of a variety of 
rates, the rate being some function of 
the amount of Jz. An equation de- 
scribing this manner of decay could 
easily be found to replace the less 
complex one now employed by Hull. 

A second possible explanation of 
our results states that the alternation 
situation provides a very sensitive 
index of the presence of Jz not usually 
provided by other experimental opera- 
tions and performance measures. 
This would account for the detection 
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by this method of small amounts of 
Ip long after other methods and meas- 
ures had become insensitive and thus 
account for the slow rate of decay of 
Tp. At least one line of evidence sup- 
ports this explanation, and this con- 
cerns the observed, relative insensi- 
tivity of other performance measures 
of Ip in the present experiment. 
Figure 2 shows that for the short de- 
lay group the rats were alternating 
with a 100 per cent frequency after 10 
forced trials, a very strong preference. 
Yet a comparison of the running 
speeds on the last forced trial with 
those of the alternation trial shows 
no significant difference. By the 
“choice” measure, going left was 100 
per cent dominant over right; by 
running-speed index both tendencies 
were the same. 

One theoretical translation of this 
explanation may be given here. [pz 
is linked to observable behavior 
through effective reaction potential 
with its four measures, resistance to 
extinction, latency, amplitude, and 
probability (p) of response. The 
measure we are dealing with here is 
probability (p), or strictly, the prob- 
ability difference of two very strong 
mutually exclusive, super-threshold 
responses, turning left and turning 
right. According to Hull (6, p. 333), 
the probability of an ail-or-none type 
of response is not a sensitive index of 
sEp at the high and low values of 
sEz. This implies that the curve re- 
lating p and gEp is ogival in shape. 
The explanation under translation 
here requires that there be more than 
one relationship between p and sEp 
depending upon the nature of the 
experimental situation. Specifically, 
the assumption is needed that p is 
some sharply rising function of sEr 
when the probability of response is 
determined by slight differences in 
very strong and competing sK,’s. 
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Add to this assumption the statement 
that the present alternation situation, 
providing asymptotic sE,’s and s/p’s, 
makes any difference between the 
right and left turning effective reac- 
tion potentials attributable to Jz, and 
the theoretical translation of an “Jz 
sensitive situation” is explicated. 

One consequence of this interpreta- 
tion is at variance with the first ex- 
planation given above, and hence an 
easy test may be made between them. 
If the sensitivity view is correct, dif- 
ferent amounts of Jz should dissipate 
at the same rate constant (g) when 
measured by alternation tendency. 
A simple test discriminating between 
these two explanations will be made 
by investigating by alternation tech- 
nique the relation between g and N 
(number of forced trials). If ¢ varies, 


the first explanation is supported; if 
it remains constant, the second tends 
to be confirmed. 

As a final theoretical consideration, 


the relation between our data and 
Solomon’s modification of Hull’s in- 
hibition concepts will be examined. 
Solomon replaces Jz with the more 
“peripheral” construct of kinesthetic 
stimulation acting as cue and/or 
drive in order to achieve the following 
advantages: “(1) the explanatory con- 
struct employed is ultimately capable 
of independent (and direct) measure- 
ment; (2) the results of responding 
are broadened to include the cue as- 
pects of response-produced effects; 
and (3) the deductions generated are 
more comprehensive, with several 
physiological! implications’’ (10, p. 5). 

Our data have some bearing upon 
the physiological implications. The 
identification of Jz with kinesthetic 
drive and cue stimuli makes the decay 
of Iz analogous to the fading of kin- 
esthetic traces. The temporal course 
of decay of both processes should be 
of the same order of magnitude if the 
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identity is valid. Neural after-dis- 
charges in single fibers disappear in a 
matter of milliseconds. More com- 
plex neural networks of the reverbera- 
tory type are known, however, which 
are capable of sustaining for longer 
periods of time the neural traces of 
past stimulation. J as measured by 
many behavioral indices dissipates 
in a matter of minutes, a duration sug- 
gesting the mediation by the more com- 
plex type of neural after-discharge. 
Ip as measured by the alternation 
tendency in the present experiment 
extends the decay period to a number 
of hours. This means that we have 
some evidence that neural networks 
reverberate for hours, if alternation 
does measure /pz, and if Iz is identified 
with kinesthetic stimuli. What fur- 
ther behavioral consequences there 
are of this presumptive physiological 
evidence, we are unable to state. 
About the second advantage of pe- 
ripheral constructs enumerated above, 
the following comments appear per- 
tinent. Hull’s system does not need 
to be broadened to include the cue 
aspects of response-produced effects. 
It does so already. Postulate 6 (6, 
p. 253) states that associated with 
every drive (D) is a characteristic drive 
stimulus (Sp). Postulate 8 (6, p. 
300) begins with the statement that 
responding creates as a result a pri- 
mary negative drive (D) having an 
innate capacity (J) to inhibit fur- 
ther responding. From these two 
statements it can easily be deduced 
that there would be an Sp associated 
with every Jz state which could serve 
as a cue if differentially reinforced. 
And about the first advantage enu- 
merated above we have these con- 
cluding remarks. While it is true 
that a kinesthetic stimulus can be 
measured physiologically, the cue and 
drive (explanatory) properties of the 
kinesthetic stimulus cannot. They, 
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like Zp, must be inferred from S-R 
relationships. The peripheral con- 
structs may have a_ physiological 
anchor (as yet undiscovered) which 
the Hullian constructs do not, but 
neither of these are capable of direct 
independent measurement. 


SUMMARY 


An experiment was performed to 
measure the tendency of rats to alter- 
nate their responses on a single T-maze 
after varying numbers of forced trials 
to one side of the T. Prior to the 
measurement of alternation tendency 
responses to both sides of the T were 
given large numbers of reinforcements 
to build equal and asymptotic habit 
strengths. The percentage of rats 
alternating one hour after 1, 2, 4, 7, 
and 10 forced trials was determined. 
Also determined was the relationship 
between the percentage of alternation 
after 10 forced trials and interpolated 
delay periods of 0, 3, 1, 4, 6, 12, 18, 
and 24 hr. 

The following results were obtained: 


1. The percentage of rats alter- 
nating increases linearly with number 
of forced trials. 

2. Alternation percentage de- 
creases as a negatively accelerated 
function of the length of delay period 
after 10 forced trials. 


The following theoretical interpre- 
tations were made: 


1. Previous findings have sup- 
ported the identification of alterna- 
tion percentage with Hull’s theoreti- 
cal variable Jz. This identification 
makes possible the prediction by 
Hull’s Postulate 8 of the equation 
forms relating alternation percentage 
to number of forced trials and length 
of delay period. 
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2. The temporal course of decay 
of Jp, although of theoretically ex- 
pected shape, was found to be con- 
siderably slower than that inferred 
from other empirical indices of Jp. 

3. Two alternative theoretical 
explanations of the discrepancy were 
offered and some further research out- 
lined for deciding between them. 

4, The identification of Jz with 
kinesthetic stimulation was discussed. 


(Manuscript received February 23, 1950) 
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EFFECTS OF PRE-PRACTICE ACTIVITIES 
ON ROTARY PURSUIT PERFORMANCE! 


BY ROBERT B. AMMONS 
University of Louisville 


In analyzing the rotary pursuit per- 
formance curve quantitatively, Am- 
mons (1) defined certain variables 
including temporary work decrement 
and warm-up decrement. “Warm-up 
decrement” was defined as the amount 
that the mean performance level on 
the first post-rest trial was depressed 
below a point determined by back- 
ward extrapolation of a line fitted to 
the mean performance levels on sev- 
eral subsequent trials, those in the 
relatively decremental segment of the 
curve. It was shown that this need 
to warm up became less as the S had 
more experience starting practice, and 
it was predicted that there might well 
be almost no warm-up decrement in 
instances where practice had been ini- 
tiated many times. This prediction 
has been found to hold in one study 
(2) of distribution of practice. Sev- 
eral groups which had started practice 
on 36 different occasions separated by 
rests of 2 or more min. showed no ap- 
preciable warm-up decrement after a 
rest 12 to 30 min. in length. These 
findings justify the backward extrapo- 
lation of the subsequent portion of the 
post-rest performance curve to correct 
for warm-up decrement in the first 
minute or two of post-rest practice. 

Amount of temporary work decre- 
ment was defined as the difference 
between performance on the first trial 


1Thanks are due Mr. Wilbur Hubbard of 
Oregon State College and Mr. Cliff Wing of 
Tulane University for assistance in collecting 
data. This study was made possible by re- 
search’ grants from the Bureau of Humanities 
and Social Science Research of the University 
of Denver (1947-48) and the Carnegie Founda- 
tion through Tulane University (1948-49). 


after a 10-min. or longer rest, cor- 
rected for warm-up decrement, and 
estimated performance on that trial if 
no rest had been introduced. Actu- 
ally, this difference represents recovery 
from temporary work decrement. 

In the original theoretical treat- 
ment of warm-up decrement, it was 
tentatively explained as due to loss 
over rest of “set,” or postural and 
sense organ adjustments favorable to 
performance. [rion in a recent article 
(4) reports that if the first 24-hr. re- 
call trial of a paired-associate series is 
preceded by a period of naming color 
strips presented on a memory drum 
in a manner similar to that used with 
the paired associates, there is signifi- 
cantly better performance than where 
no such activity precedes the trial. 
He proposes that much of what is 
ordinarily lost over rest is “set,” and 
that the color-naming practice rein- 
states it, minimizing the effects of 
its loss on recall. 


PROBLEM 


Following this line of reasoning, it 
can be predicted that: (a) Practice of 
various components of the rotary pur- 
suit task immediately before the ini- 
tial practice period will increase sub- 
sequent performance, since set re- 
sponses will be learned, giving a basis 


for higher scores. (b) Practice of 
various major components of the task 
immediately before practice is re- 
sumed after a rest should decrease the 
warm-up decrement.” 


*Similar predictions are made by Irion (3) 
in his review of the relation of “set” to retention 
in;verbal learning. 
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METHOD 


Materials.—Ss practiced on Koerth-type pur- 
suit rotors,’ with }-in. brass targets with centers 
set 3} in. out from the center of 10 }-in. bakelite 
disks and flush with their surfaces. Target 
plates rotated in a horizontal plane at 60 rpm. 
The targets were followed during regular prac- 
tice with the tips of light hinged styluses, and 
electrical contacts between targets and styluses 
were recorded cumulatively on timers during 
20-sec. periods. Scores were read from the 
clocks at the end of each 20-sec. period, although 
subsequent treatment of the data was in terms 
of l-min. periods. Timing of trials was manual. 

Subjects —The Ss were experimentally naive 
undergraduate women college students attend- 
ing the University of Denver or Colorado Wom- 
an’s College. Although 28 were assigned ran- 
domly in groups. of four to each of the eight con- 
ditions, difficulties with apparatus, instructions, 
or interruptions led to the discarding of a total 
of 22 records. Final N’s for the conditions are 
givenin TableI. It will be seen that they varied 
from 24 to 28. 

Prodceure—The Ss practiced in groups of 
four. Each was assigned a rotor. Instructions 
were then given as follows: The purpose of the 
study was to find out how people learn a new 
task; they would find-_that they would not do too 
well to begin with but as they kept at it, they 
would improve; the best way to practice was 
with body relaxed, following the target with an 
easy swinging motion of the arm; each was to 
use her preferred hand to hold the stylus; her 
grip was to be light, and no attempt was to be 
made to put extra pressure on the tip of the 
stylus. The Ss’ grip and stance were then 
checked and corrected where necessary. A 
ready signal was given, and pursuit began ap- 
proximately 5 sec. later. 

All Ss practiced 12 min. continuously, ceased 
practice for 17 min., then practiced continuously 
for 12 min. more. They were encouraged pe- 
riodically and were corrected verbally when they 
deviated from instructions in stance or stylus 
grip. The eight conditions are described briefly 
in Table I. It will be seen that provision was 
made for measuring the effects of manual or 
ocular practice for 2 min. immediately before 
each session or both sessions. Imaginary prac- 
tice could only be given meaningfully after S 
had already had some experience with the task. 

Ocular practice consisted of S’s standing for 
2 min., following the target with her eyes only. 
In manual practice, S’s eyes were blindfolded, 
and she was shown how to follow with her index 


* This apparatus has been described in detail 
elsewhere (2). 


TABLE I 
SumMARY OF EXPERIMENTAL CoNDITIONS 


Condi- 


tion N Description 


I 28 Control with two 12-min. continu- 
ous practice periods separated by a 
17-min. rest 

27 2-min. ocular practice before* initial 
practice period 
24 2-min. ocular practice before* both 
practice periods 
24 2-min. ocular practice before* final 
practice period 
24 2-min. blindfolded manual practice 
before® initial practice period 
26 2-min. blindfolded manual practice 
before* both practice periods 
24 2-min. blindfolded manual practice 
before* final practice peri 
VIII 25 2-min. imaginary practice before* 
final practice period 


*Delay between cessation of pre-practice 
activity and start of regular session was 20 sec. 
or less. 


finger a small rivet head set into the rotor plate 
the same distance from the center as the center 
of the regular target. When she lost it, she 
attempted to find it again and to resume follow- 
ing. No S was unable to do this. For imagi- 
nary practice, S stood before the rotor with eyes 
blindfolded. She was told to imagine that she 
was practicing, without, however, making any 
overt movements. This instruction was con- 
tinually reinforced with suggested details. It 
was judged effective in that two Ss showed 
trance-like behavior in raising their forearms 
into practice position and were discarded, and 
all remaining Ss in this group reported being 
able to imagine the practice quite clearly. 

During the rest period, Ss sat in an anteroom 
and talked or read popular magazines. At the 
end of each practice period, the rotors were 
turned off promptly and Ss laid down their 
styluses. 


REsULTs 


Curves showing mean performances 
for the various groups are given in 


Fig. 1. It is immediately apparent 
from inspection that all curves show 
recovery from temporary work decre- 
ment over rest, post-rest warm-up dec- 
rement, and a decremental segment 
in the post-rest curve, presumably be- 
cause temporary work decrement is 
building up again. It is also apparent 
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that there are no great differences be- 
tween the various groups in pre- and 
post-rest performance. 

To evaluate the results statistically, 
scores at various points in practice 
were used as indices as follows: (a) 
first minute of pre-rest practice, to 
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indicate effects of pre-practice on ini- 
tial level of performance; (5) last 
minute of pre-rest practice, to indicate 
effects on final level of performance 
reached in pre-rest practice; (c) first 
minute of post-rest practice, to indi- 
cate effects on warm-up decrement; 
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(d) difference between first and sec- 
ond minutes of post-rest practice, to 
obtain a second estimate of effects on 
warm-up decrement; (¢) second min- 
ute of post-rest practice, to indicate 
reminiscence or recovery from tem- 
porary work decrement over rest; (f) 
last minute of post-rest practice, to 
indicate final level of performance. 
Use of index (d) assumes that there 
is little or no relationship between 
warm-up decrement and the score on 
post-rest trial 2. Simple analyses of 
variance were performed on scores at 
each of the points and F-ratios were 
computed for between-groups versus 
within-groups variance estimates. It 
is realized that the distributions in the 
first minute are considerably skewed, 
but the F-ratio still provides a con- 
venient index. Results are summar- 
ized in Table II. No F except that 
based on the first pre-rest minute 
scores was significant at even the 5 
per cent level of confidence, and this 


one is here interpreted as occurring by 


chance. To the extent that these 
indices provide adequate measures of 
the variables, it can be concluded that 
pre-practice, imaginative or on com- 
ponents of the skill, has little or no 
effect on practice level at the very 
start of regular pursuit rotor practice, 
on recovery from temporary work dec- 


TABLE II 


Resutts or Smmpte ANALYsIs OF VARIANCE OF 
Scores at Various Pornts 1n PRAcTICcE 


Source of Variance Estimate: Obtained F 


‘ores from 
. Pre-rest min. 1 
. Pre-rest min. 12 
. Post-rest min. 1 
. Post-rest min. 2 
. Difference between post-rest 
min. 1 and 2 
. Post-res’: min. 12 


1.40 
(Error term 
slightly larger) 


*For 7 and 194 degrees of freedom, the F 
ratio must be approximately 2.73 to be sig- 
nificant at the 1 per cent level of confidence (6). 
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rement or warm-up decrement, or on 
final level of performance. 

On the other hand, a careful in- 
spection of the original data suggests 
that imaginary practice may possibly 
have had an appreciable effect not 
detected by the present statistics. In 
condition VIII (imaginary practice) 
recovery from temporary work decre- 
ment was less by about one-third, and 
warm-up decrement by one-half. 


Discussion 


Comments seem in order regarding 
some implications of this study. In 
the first place, it can be seen that 
Irion’s prediction of set reinstatement 
by pre-practice does not hold under 
the present conditions. This is quite 
impressive in view of the similarity of 
the pre-practice activities to those in 
regular practice. It is possible that 
positive transfer from component 
practice is just about matched in 
amount by negative transfer of tem- 
porary work decrement. This guess 
is given some support by Irion’s (5) 
finding with verbal serial learning 
that pre-recall warming-up activity 
beyond an optimum amount may pro- 
duce work inhibition. If temporary 
work decrement produced by pre- 
practice were a major factor in the 
present experiment, one would expect 
to find significant differences between 
the groups at least at post-rest trial 2. 
Its relative unimportance is indicated 
by the small F based on scores at this 
point. 

In any case, if component pre-prac- 
tice is to have any considerable im- 
portance, it must perhaps be engaged 
in for much longer periods than those 
used in the present study. It may 
also be that rotary-pursuit and non- 
sense-syllable learning sets will turn 
out to have quite different properties. 

There has been some discussion 
about the nature of temporary work 
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decrement. On the basis of the pres- 
ent study it can be concluded that it is 
not directly dependent upon the rate 
or amount of energy expenditure, 
since 2 min. of manual pre-practice 
produced, at most, only a small 
amount of the effect the same amount 
of work would have had if S had had 
her eyes open and been following the 
target. It would seem that tempor- 
ary work decrement is mainly central 
in nature rather than peripheral. 

The results of the present study 
throw some light on the rehearsal 
hypothesis of reminiscence. Activi- 
ties comparable to rehearsal were 
actually encouraged during the “rest” 
period. If anything, post-rest per- 
formance was poorer as a result. 
Taken in conjunction with similar 
results reported by Rohrer (7) for 
verbal material, this study still further 
discredits the hypothesis that Ss do 
better after rest because they have 
somehow rehearsed when they were 
supposed to be resting. 


SUMMARY AND CONCLUSIONS 


Two 12-min. practice periods of 
continuous rotary pursuit, separated 
by a 17-min. rest period were given 
202 undergraduate college women. 
Groups practiced under eight different 
conditions of pre-practice warming-up 
activity, consisting of ocular following 
of the target, blindfolded following of 
a rivet head, or imagined practice. 
Pre-practice was given before one or 
both of the practice periods. Statisti- 
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cally significant score differences be- 
tween groups appeared at no point in 
practice. 

It is concluded that the present 
types and durations of pre-practice 
activity do not produce significant 
changes in subsequent performance 
level, warm-up decrement, or tem- 
porary work decrement. These re- 
sults do not support an energy-ex- 
penditure explanation of temporary 
work decrement, or a rehearsal theory 
of reminiscence. ‘They do seem to in- 
dicate that verbal and motor perform- 
ances are affected differently by pre- 
practice warming-up activities. 


(Manuscript received March 9, 1950) 
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A COMPARISON OF TRANSFER EFFECTS DURING 
ACQUISITION AND EXTINCTION OF TWO 
INSTRUMENTAL RESPONSES ! 

BY ALVIN M. LIBERMAN 


University of Connecticut 


In an earlier paper (6) it was sug- 
gested that experimental extinction 
may be expected to transfer? more 
broadly than acquisitive learning, the 
suggestion having been made on the 
basis that extinction procedures usu- 
ally provide very little differential 
reinforcement by comparison with the 
procedures of acquisition. In the 
case of an instrumental habit, for ex- 
ample, the procedures of acquisition 
are such that reinforcement is given 
only on the occurrence of the “cor- 
rect” response; the many incorrect 
responses are not reinforced; and the 
learning animal is therefore required 
to isolate the behavior which is correct 
in any given situation from that which 
isnot. When that same instrumental 
habit is being extinguished, the par- 
ticular reward which had earlier been 
given for the correct response is now 
given for none of the responses which 
may occur, with the result that the 
animal is not encouraged to discrimi- 
nate among specific responses or 
among specific tendencies not to re- 
spond. If it may be assumed, addi- 
tionally, that breadth of transfer de- 
pends largely on the extent to which 
the learning situation requires that 
discriminations be made, then it is to 
be expected that the extinction of a 
habit will produce a transfer effect far 


1This study was carried out at Wesleyan 
University with the very able assistance of 
Richard A. Otico. 

2 Unless otherwise specified, “transfer” will 
here mean positive transfer, and will be defined 
by the extent to which training on one habit 
facilitates training on another, or extinction of 
one habit facilitates extinction of another. 


broader than that which will have 
occurred while that same habit was 
being acquired. 

These assumptions about the trans- 
fer of extinction have been useful in 
an attempt to account for spontaneous 
recovery (5, 6), especially in dealing 
with the reduction in recovery which 
follows differential extinction (6), and 
to that extent their validity has been 
indirectly established. In this paper 


the attempt will be made to provide 
a more nearly direct test for the 
one general assumption that extinc- 
tion transfers more broadly than 
acquisition. 

The literature provides only a few 


data relevant to a comparison of 
transfer effects during acquisition and 
extinction; moreover, such data as are 
available were collected more or less 
incidentally by experimenters who 
were not primarily concerned to make 
the comparison, and, for the most 
part, the data are not critical for our 
purpose. In the case of instrumental 
habits, with which category this paper 
will be exclusively concerned, two 
experiments provide reasonably per- 
tinent information. 

One experiment, by Youtz (10), 
showed a very great transfer of extinc- 
tion between vertical and horizontal 
bar-pressing, but there was also, ap- 
parently, some transfer between these 
habits during acquisition. Youtz did 
not try to compare the transfer of 
acquisition with the transfer of ex- 
tinction, and, indeed, such a compari- 
son would have been hard to make, 
since the units which were used to 
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measure the two transfer effects are 
not easily equated. It may be rele- 
vant to that comparison, however, 
that there was a large transfer of ex- 
tinction from vertical to horizontal and 
from horizontal to vertical, whereas 
the transfer effect during acquisition 
was apparent only in the case of ver- 
tical to horizontal. 

Using the same habits of horizontal 
and vertical bar-pressing, Williams 
(8, 9) found that the transfer effect 
during acquisition was positive, nega- 
tive, or virtually zero, depending on 
the relative amounts of training on 
the two habits. In extinction, how- 
ever, there was a reliable transfer 
effect for all amounts of training. 

The purpose of the present experi- 
ment is simply to permit a more nearly 
direct comparison of the transfer 
effects which may occur during acqui- 
sition and extinction of two rather 
dissimilar instrumental responses, in 
this case bar-pressing and a running 
response, and thus provide more and, 
perhaps, clearer evidence for the as- 
sumption that the transfer effects of 
extinction are typically broader than 
those which occur during acquisition. 


PROCEDURE 


Two groups of 23 rats each were trained and 
then extinguished on a runway and a modified 
Skinner Box. To provide measures of transfer 
effects during acquisition and extinction, one 
group was trained first on the runway and then 
on the Skinner Box and extinguished on the two 
tasks in the same order, while the second group 
was trained, and also extinguished, on the two 
tasks in reverse order. 

The runway was the same as that described 
in a previous article (6). It was L-shaped, 
about 6 in. wide, with sides 4 in. high. The 
longer arm of the L. was about 44 ft. in length 
and had at one end a starting area which could 
be separated from the rest of the runway by a 
drop shutter. The shorter arm of the L. was 
approximately 3 ft. long and terminated in a 
compartment 1 ft. square. Hidden behind a 
partition in one corner of the food compartment 
was the food dish, so arranged that its contents 
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could not be seen by a rat from any position 
behind a “finish” line drawn from the partition 
to the side of the compartment. 

The modified Skinner Box was 10 in. square 
and 9 in. high, inside, with a coarse wire mesh 
covering the top of the box. A small retractable 
bar extended into the box from a point about 2 
in. above the floor and was arranged in connec- 
tion with a food delivery device so that depres- 
sion of the bar would cause a small pellet of food 
to be dropped into a tray directly below the bar. 

The Ss used in this experiment were male al- 
bino rats between 3 and 4 months of age, pur- 
chased from the Albino Farms, Red Bank, N.J. 

The specific procedure was as follows. For 12 
days prior to the beginning of the experiment 
proper each rat was given treatment calculated 
to habituate it to the procedures of the experi- 
ment and to build up a moderately strong hunger 
motivation. On each of the first 5 days of the 
pre-experimental treatment the rat was simply 
picked up and petted by the experimenter four 
or five times daily. Beginning with the sixth 
day and continuing to the end of the experiment, 
the rat was fed each day an amount of food equal 
to about two-thirds of the daily requirement. 
On the seventh day the rat was taken from its 
individual living cage, placed in the runway, 
permitted to explore for 1 min., and then put 
back into the living cage. This procedure was 
repeated three times on the runway, and then 
three comparable trials were given on the 
Skinner Box. On the eighth day 4 habituation 
trials were given on the Skinner Box and the 
runway; 5 habituation trials on each were given 
on the ninth day, 6 on the tenth day, 7 on the 
eleventh day, and 8 on the twelfth day. On the 
eleventh and twelfth days the rat was fed one 
0.08-gm. pellet of food on each habituation trial 
on the runway and Skinner Box, the food being 
placed at randomly determined positions on the 
floor of the runway and Skinner Box. On all 
habituation trials in the runway the square com- 
partment (containing the food dish) was blocked 
off, and the shutter for the starting box was never 
in place; in the Skinner Box the bar and food 
tray were withdrawn. 

Training on both runway and Skinner Box 
was given on the day immediately following the 
twelfth and last day of the pre-experimental 
treatment. On each training trial on the runway 
the rat was taken from its living cage and placed 
in the starting box of the runway. About 1.5 
sec. thereafter, the shutter was raised and the 
rat was permitted to make its way to the food 
dish where it found and consumed a 0.08-gm. 
pellet of dog chow. The rat was then placed in 
its living cage for 1 min., after which it was put 
into the runway for the next trial. To secure a 
measure of the rat’s performance, a watch was 
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started when the starting box shutter was raised, 
and stopped when S crossed the “finish” line in 
front of the food dish. That time interval will 
be called the “latency” of the running response. 

On each training trial in the Skinner Box the 
rat was taken out of its living cage and placed in 
the Skinner Box, where it remained until it had 
pressed the bar and received and eaten the 
0.08-gm. pellet of food. The bar was retracted 
immediately after it had been pressed, and re- 
mained retracted for the duration of the trial. 
Following each trial on the Skinner Box, the rat 
was put back into its living cage for 1 min. 
Performance in the Skinner Box was measured 
as the time taken by the rat to press the bar, 
and this amount of time will be called the “la- 
tency” of the bar-pressing response. 

One group of 24 rats (to be called Group I) 
was given eight consecutive trials on the runway, 
followed after 1 min. by eight consecutive trials 
in the Skinner Box. A second group of 24 rats 
(Group II) received eight consecutive trials on 
the Skinner Box, followed after 1 min. by eight 
consecutive trials on the runway. 

Extinction procedures were applied on the day 
following training. The rats in Group I (trained 
on runway first and Skinner Box second) were 
given eight consecutive nonreinforced trials on 
the runway, followed within a period of 1 min. 
by eight consecutive nonreinforced trials on the 
Skinner Box. Rats in Group II (trained on 
Skinner Box first and runway second) were given 
eight nonreinforced trials on the Skinner Box, 
followed after 1 min. by eight nonreinforced 
trials on the runway. On all extinction trials 
the rat was taken from the apparatus and placed 
in the living cage within 20 sec. after it had made 
the critical response (crossing the finish line in 
the case of the runway and depressing the bar in 
the case of the Skinner Box). The rat was given 
a maximum of 4 min. to make the response. If 
the response did not occur within that time, the 
rat was removed from the Skinner Box or runway 
and put into the living cage in preparation for the 
next trial. (The interval between the end of one 
trial and the beginning of the next was | min.) 


RESULTS 


The individual response latencies 
recorded in the runway and Skinner 
Box have been transformed into log- 
arithms in order to normalize a dis- 
tribution of measures which shows 
otherwise a marked skewness toward 


the high values. A logarithmic trans- 
formation has been used and justified 
by Graham and Gagné (2) for data 
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altogether comparable to those being 
reported here, and a more complete 
account of the rationale for such a 
conversion is to be found in a recent 
article by Mueller (7). 

Figure 1 describes the performance 
of all animals during training and ex- 
tinction on the runway. The values 
indicated by the solid circles are the 
mean log latencies for the 24 rats of 
Group I, which received training on 
the runway prior to training in the 
Skinner Box, and which (on the day 
following training) were extinguished 
on the runway prior to extinction in 
the Skinner Box. The open circles 
are the mean log latencies for the 24 
rats of Group II, this being the group 
which had its training on the runway 
immediately after it had received 
eight trials in the Skinner Box. 

The curves of acquisition for the 
two groups are obviously very similar, 
indicating that there was no transfer 
of training from bar-pressing to the 
running response. In the course of 
extinction, on the other hand, the 
latencies are considerably greater for 
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Group II, which was extinguished on 
the running response after having had 
eight trials of extinction on bar- 
pressing, and it would appear, there- 
fore, that extinction of bar-pressing 
transferred to running. The results 
of an analysis of variance,’ to be found 
in Table I, confirm these conclusions. 

During acquisition the between- 
groups variance is insignificant (F is 
less than 1), which means that the 
groups do not differ on the eight trials 
of training taken as a whole. It may 
also be relevant to any comparison of 
the two groups to note that the inter- 
action between trials and groups is 
insignificant, and that there is, ac- 
cordingly, no evidence that the acqui- 
sition curves differ in slope or curva- 
ture. Trials contribute a significant 
variance, as one would expect in a 
situation in which learning is presum- 
ably taking place. 


§ The writer is much indebted to Dr. Geoffrey 
Beall for suggesting how the analysis of variance 
should be applied to these data. Similar analyses 
of comparable data are to be found in Kogan (4) 
and Edwards (1). 
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In extinction the between-groups 
variance is highly significant, and we 
may, therefore, have all the more con- 
fidence in that difference between the 
groups which is seen so clearly in 
Fig. 1. The variance attributable to 
trials, which is highly significant, 
simply reflects the fact that extinction 
occurred in both groups. 

The difference in log latency be- 
tween the last trial of training and the 
first trial of extinction measures the 
forgetting which occurred over the 
24-hr. interval between the training 
and extinction sessions. 

In Fig. 2 are the mean log latencies 
which describe for both groups the 
acquisition and extinction of the 
bar-pressing habit. The acquisition 
curves, in this case, would seem to 
show that the effect of prior training 
on the runway (Group I) was to re- 
duce the speed of responding during 
training on the bar-pressing, particu- 
larly in the later stages, but the 
analysis of variance for the training 
data (Table II) fails to reveal a sig- 


TABLE I 


ANALYsiIs oF VARIANCE OF THE Loc Latencies For AcQuisITION AND ExtINcTION 
or THE Runninc Response 





Source of Variance 


Sum of Squares) 


Mean Square 





Acquisition 

rials 

Between groups 

Between subjects in the same group 

Interaction: trials X between 
groups 

Interaction: trials X between sub- 
jects in the same group 


23.9388 
0.2123 
14.4706 
0.1315 


22.6556 


3.4198 
0.2123 
0.3146 





Extinction 

Trials 

Between groups 

Between subjects in the same group 

Interaction: trials X between 
groups 

Interaction: trials X between sub- 
jects in the same group 


5.9495 
6.0802 
32.5344 
0.6837 
38.3872 




















F for the between-groups variance, 
and groups, the error t 


*In determi 
for the interaction between 
the-same-group; and for trials, the error term was the 


was between-subjects-in-the-same-group; 
teraction of trials and between-subjects-in- 
tr and between-subjects-in-the-same-group. 
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extinction of the bar-pressing response 


nificant difference in performance be- 
tween the two groups. One sees, also, 
in Table II that the practice X groups 
interaction is too small to support the 
assumption that the acquisition curves 
for the two groups are anything but 
parallel. 

It is reasonably clear from the ex- 


tinction curves of Fig. 2 that extinc- 
tion effects transferred from running 
response to bar-pressing, inasmuch as 
the latencies are considerably greater 
throughout extinction for the group 
(I) which had been given eight trials 
of extinction on the runway prior to 
extinction on the Skinner Box, and 
the analysis of variance in Table II 
shows that the difference between the 
groups is highly significant. 


Discussion 


Training on the habit which was 
learned first did not facilitate or sig- 
nificantly inhibit the learning of the 
second habit, but the extinction of 
either of these habits did facilitate the 
extinction of the other. Thus, it 
would appear that the transfer of ex- 
tinction was broader than transfer 
during acquisition. We must, of 
course, qualify that conclusion to take 
account of the possibility that the 
absence of any transfer effect during 
acquisition is to be attributed to the 
simultaneous operation of inhibiting 
and facilitating factors. If these two 
factors developed equally during train- 


TABLE II 


ANALYSIS OF VARIANCE OF THE Loc LaTENctIEs For AcQUISITION AND EXTINCTION 
oF THE Bar-Pressinc RESPONSE 








Source of Variance 


fsum of Squares 


Mean Square 





Acquisition 

Trials 

Between groups 

Between subjects in the same group 

Interaction: trials K between 
groups 

Interaction: trials X between sub- 
jects in the same group 


15.4894 
0.3326 
20.9275 
0.2929 


37.0424 


2.2128 
0.3326 
0.4549 
0.0418 


0.1150 





Extinction 

Trials 

Between groups 

Between subjects in the same group 

Interaction: trials X between 
groups 

Interaction: trials X between sub- 
jects in the same group 


15.7011 
11.0331 
53.6796 

1.3928 


66.5149 





2.2430 
11.0331 
1.1669 
0.1990 


0.2066 
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ing on the first task, and transferred 
equally to the second, the final trans- 
fer effect would be an algebraic sum of 
approximately zero. Though such an 
interpretation might seem rather im- 
plausible, there is nothing in the 
procedure or data of this experi- 
ment which clearly excludes it as a 
possibility. 

There is some evidence that the 
effect of training on the first task was 
to inhibit the learning of the second. 
The analysis of variance revealed no 
statistically significant transfer effects 
during acquisition, but an inspection 
of the acquisition curves shows that in 
bar-pressing and also in running the 
latencies were somewhat greater, on 
most of the trials, for the group which 
had previously been trained on an- 
other task. If these differences were 
reliable, they would be assumed to 
reflect the operation of some factor 
like fatigue or reactive inhibition 
which produces a performance decre- 
ment even when responses are rein- 
forced, and which, in this case, ac- 
cumulated in the course of training on 
the first task and then transferred to 
thesecond. This same kind of fatigue 
would be expected to develop during 
extinction, and its transfer from the 
one task to the other might conceiv- 
ably have been responsible for the 
transfereffectinextinction. Itshould 
be noted, however, that such an as- 
sumption does not, by itself, account 
for the fact that transfer was greater 
in extinction than in acquisition. We 
should suppose that the fatigue or 
reactive inhibition is produced as a 
result of work done, and simply sub- 
tracts from habit strength to produce 
performance. A rat which has com- 
pleted eight reinforced trials on a par- 
ticular task has presumably the same 
amount of fatigue as a rat which has 
completed eight unreinforced trials on 
the same task. In our experiment, 
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therefore, the difference in fatigue be- 
tween the groups during acquisition 
should have been equal to the differ- 
ence between them during extinction. 
The fact that the groups differ in per- 
formance during extinction and not 
during acquisition must then mean, 
according to a fatigue interpretation, 
that the fatigue which develops during 
extinction transfers more broadly than 
the fatigue which develops during 
training. 

It is also relevant to an interpreta- 
tion of our results that the procedures 
of this experiment were such as to 
reduce, if not to eliminate, the kind of 
transfer effect which results when in- 
experienced or unhabituated animals 
are.used. In this connection Jackson 
(3) has shown that such factors as (1) 
habituation to experimental diet and 
feeding schedule, (2) habituation to 
being handled, and (3) “development 
of a general tendency to explore an 
apparatus vigorously” could sepa- 
rately or together produce positive 
transfer effects, and these three factors 
were assumed to account for the posi- 
tive transfer effects which were ob- 
tained in part of Jackson’s study be- 
tween a problem box and a maze. 
With regard to the present experiment 
it was felt that a more generally mean- 
ingful comparison of transfer of train- 
ing and extinction could be made 
under conditions in which the transfer 
effect resulting from the above-men- 
tioned factors was largely excluded by 
carefully habituating the animal to 
virtually all aspects of the experimen- 
tal procedure save the specific instru- 
mental responses to be learned. 


SUMMARY 


The experiment reported here was 
designed to provide evidence bearing 
on the assumption that the extinction 
of a particular habit will produce 
transfer effects broader than those 
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which will have occurred while that 
same habit was being acquired. 

One group of rats was trained first 
to run down a runway and then to 
press a bar in a modified Skinner Box, 
and, on the day following training, 
that group was extinguished first on 
the running response and then on the 
bar-pressing. A second group was 
trained, and also extinguished, on the 
two habits in reverse order. 

Training on the bar-pressing re- 
sponse did not affect subsequent learn- 
ing of the running response, nor did 
training on the running response sig- 
nificantly affect learning of the bar- 
pressing. The extinction of either 
habit, on the other hand, considerably 
facilitated the extinction of the other. 


(Manuscript received 
February 15, 1950) 
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SIMILARITY IN STIMULATING CONDITIONS AS A 
VARIABLE IN RETROACTIVE INHIBITION 
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Current theories of retroactive in- 
hibition stress the interference which 
interpolated activity exerts on the 
recall of the original material. Hence, 
the greater the similarity between 
original and interpolated learning, the 
more difficult it should be for S to 
discriminate between the two sets of 
materials, and the greater the retro- 
active inhibition. This has been ade- 
quately demonstrated for similarity 
between the actual materials; the case 
is less clear for similarity of incidental 
Bunch and McTeer 


stimulation (3). 
(2) found less retroactive inhibition 
between two mazes when one of them 


was accompanied by shock. But 
Nagge, using nonsense syllables, found 
no decrease in retroactive inhibition 
when the interpolated list was learned 
in a room which contrasted with that 
employed during original learning and 
recall (4). Since theory would lead 
us to believe that incidental stimula- 
tion from room, posture, and appa- 
ratus might serve as discriminative 
stimuli, thus decreasing confusion be- 
tween original and interpolated learn- 
ing, Nagge’s experiment was repeated. 
It will be shown that the use of ob- 
trusive differences between the condi- 
tions under which original and inter- 
polated lists were learned leads to 
positive results. 


1This research is reported in considerably 
greater detail in the junior author’s thesis (1), 
available through inter-library loan. 


METHOD 


Apparatus—Two experimental situations 
were made as different as possible. The card 
room was a large basement classroom with light 
cream-colored walls, a blackboard, and tablet 
armchairs. In it was a card-flipping device that 
worked like a desk calendar. The cards were 
54 by 44 in., carrying words printed in y;-in. 
letters. The S sat in front of the exposure 
apparatus, while E flipped the cards in syn- 
chronism with a click which occurred every 2 sec. 
in an earphone which she wore. 

The drum room was a dingy storeroom, par- 
tially filled with old apparatus. The walls were 
dull black. On a table was a battery of six 
black metal memory drums (5). Only one drum 
was operated at a time; the duplication of drums 
saved time in changing lists. The drum ad- 
vanced every 2 sec. with a dull thud, in marked 
contrast to the quiet operation of the card- 
flipper. An additional difference was added by 
making S stand up instead of sit, as he watched 
the drum. Thus, the two experimental situa- 
tions differed in incidental visual, auditory, and 
postural stimulation, but in no other ways. 

Design.—All Ss were given three sessions, 
which differed only in the interpolated activity.* 
Condition A was a control condition for reten- 
tion. Original learning, interpolated activity 
(long division), and relearning were all carried 
out in the same room under identical incidental 
stimulation. Condition B was the classical 
retroactive inhibition experiment, in which the 
interpolated learning was done in the same room, 
etc., as was original learning and relearning. In 
Condition C, our main experimental condition, 
original learning and relearning were carried out 
in one room, but the interpolated learning took 
place in the other room, under contrasting inci- 
dental stimulation. 

In Experiment I all original learning took 
place in the drum room. Thirty-six Ss were 


2 Except that three pairs of word lists were 
used in counterbalanced order. 
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scheduled in such a way that the order of condi- 
tions A, B, and C, as well as the particular lists 
used for each, were rotated in a balanced fashion. 
Experiment II duplicated Experiment I with a 
different group of Ss, except that the rooms were 
reversed. 

Materials.—Each of six lists contained ten 
pairs of common disyllabic adjectives. Three of 
the lists were used for original learning, and the 
other three for interpolated learning. Even- 
numbered stimulus words on each interpolated 
list were synonymous with those similarly located 
on the corresponding original list.2_ The remain- 
ing stimulus words and all response words were 
dissimilar. When the lists were prepared for 


presentation by drums, the first stimulus word 
was typed on the first line, and appeared again 
on the second line with its response word. The 
third line contained the second stimulus word, 
etc. The drum advanced every 2 sec., allowing 


3 The design of the apparatus made it imprac- 
tical to vary the sequence of pairs within a given 
list on successive trials. Hence, there was some 
serial learning, but it was probably relatively un- 
important in comparison with paired association. 


MEAN NO. OF ANTICIPATIONS 
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4 sec. per pair, and 8 sec.. (4 blanks) between 
trials. When the card-flipper was used, the 
words were printed on cards to yield the same 
time relations and sequences. The 8-sec. inter- 
val between presentations allowed time to return 
the pack to its starting position. 
Subjects.—Seventy-two Ss participated in the 
two experiments, 36 in each, equally divided as 
to sex. All were students in elementary psy- 
chology, or in a non-technical course that follows 
it. They had had one laboratory session in 
which they served as both E and S in a memory 
experiment with nonsense syllables, employing 
drums of the same general type used in the pres- 
ent experiment. They were naive with respect 
to the purpose of the experiment, but highly 
motivated by the knowledge that they were 
contributing to an original research problem. 
Procedure.—In all cases S was asked to try 
to learn the original list so that he could antici- 
pate the second adjective of each pair before it 
appeared on the drum. He was given eight 
trials, which had been found to yield an average 
of six anticipations—enough ‘o avoid a ceiling of 
complete learning, while :cttin> sufficiently 
above zero to show loss throuzi rccroaction. 


Cond. C. * 
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Acquisition and relearning curves for original lists, based on mean’data 


of the 36 Ss of Experiment I 
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of the 36 Ss of Experiment II 


He was then given 8 min. of interpolated ac- 
tivity. The first and last 30 sec. of this period 
were taken up by instructions, changing ma- 
terials, and escorting S to the other room in 
Condition C. The other 7 min. were spent in 
long division (Cond. A) or in eight repetitions of 
the interpolated list in the same room (Cond. B) 
or in the other room (Cond. C). Immediately 
following the interpolated activity, S relearned 
the original list to his previous level, or for a 
minimum of three trials. In Conditions B and C 
the interpolated list was also relearned to main- 
tain motivation for a later session which might 
use an interpolated list. 


REsuULTsS 


The main results of the two experi- 
ments are shown in Figs. 1 and 2, 


respectively. It will be recalled that 
the only difference between the two 
experiments was a reversal of the 
rooms and other incidental stimulus 
conditions in the experimental design, 


to serve as a check on relative effec- 
tiveness of the two sets of learning 
conditions. The two experiments are 
kept separate, since the striking simi- 
larity of the results adds confidence in 
their accuracy. 

In both figures, it is apparent that 
original learning progressed at the 
same rate and to the same final level 
for all three conditions. Further- 
more, if the two figures are super- 
imposed, they match very well during 
this stage of the experiment. It is 
equally clear that the three conditions 
differ on the first relearning trial in 
both experiments. Condition A, in 
which the interpolated material was 
long division, shows little, if any, loss 
during the 8-min. retention interval 
(although there might be some loss if 
relearning trial 1 were compared with 
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a hypothetical original learning trial 
9). On the other hand, Condition B, 
in which interpolated learning took 
place in the same room as did original 
learning and relearning, shows a very 
pronounced loss during the retention 
interval. This is, of course, the 
classic retroactive inhibition experi- 
ment. Condition C, in which inter- 
polated learning differed from original 
learning and relearning in terms of 
incidental stimulation from room, pos- 
ture, and apparatus, falls midway be- 
tween the other two conditions. It is 
obvious that changing these incidental 
stimuli has approximately halved the 
retroactive inhibition. 

The relative positions of the three 
conditions are maintained for the sec- 
ond and third relearning trials of 
Experiment I, showing that the effects 
of incidental stimuli during inter- 
polated learning continue well into the 
relearning trials. These effects are 
even more marked in Experiment II, 


for Condition-C approaches Condition 
A on the second relearning trial, and 


surpasses it on the third trial. The 
differences between the two conditions 
on trials 2 and 3 are not significant. 
To put it another way, in Experiment 
II there was no evidence after the 
first relearning trial that learning an 
interpolated list in a strange room had 
more retroactive inhibiting effect than 
did interpolated long division. This 
is largely the result of more rapid re- 
learning in Condition C of Experiment 
II. There is no obvious reason why 
this happened; it is possible that it is 
a chance event, for no statistical com- 
parisons were made between Experi- 
ments I and II. 

One major question remains before 
the results are taken at their face 
value. Was the interpolated learning 
equal in amount under Conditions B 
and C? If S had learned less when 
the interpolated list was given in the 
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oo Cond. B 
u—x Cond. C 


MEAN NO. OF ANTICIPATIONS 








4 6 
TRIALS 


Fic. 3. Acquisition curves for the inter- 
polated lists in the two experimental conditions 
of Experiment I. The mean number of anticipa- 
tions on each trial represents 36 Ss. 


strange room, he might have been 
expected to show less retroactive in- 
hibition. When the learning curves 
were plotted for lists interpolated 
under the two conditions, as in Fig. 3, 
the curve for Condition C, Experi- 
ment I, fell consistently about a half- 
syllable below that for Condition B, 
but the differences between it and its 
companion condition were not statis- 
tically significant. Conditions B and 
C, Experiment II, would fall between 
these two curves, if they were plotted 
in Fig. 3. Hence, we can dismiss the 
possibility that the observed differ- 
ences found between Conditions B and 
C during relearning were due to differ- 
ences in efficiency of learning the 
interpolated lists. 

The chief results of the experiment 
were so clear that they could be 
demonstrated convincingly through 
graphic presentation of the data. 
However, all of the statements made 
above have been verified by analysis 
of variance. It seems unnecessary to 
reproduce these extensive tables here. 
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since they are available elsewhere.‘ 
The analyses brought out the fact that 
the women were consistently and sig- 
nificantly superior to the men in learn- 
ing ability. The difference was of the 
order of magnitude of 10 per cent, and 
showed in all stages of the experiment. 
Since men and women were equally 
represented in all groups, it seemed 
legitimate to pool their results for 
presentation. Separate analyses for 
each sex showed that they reacted in 
the same way to the main experimen- 
tal variables. 


Discussion 


It has long been known that retro- 
active inhibition is a function of the 
similarity of the materials used in the 
original and interpolated learning. 
The present experiment extends the 
generalization to similarity of the con- 
ditions under which the materials are 
learned. It was shown that the 
amount of retroactive inhibition can 
be approximately halved by present- 
ing the interpolated material in a 
different room, with different appa- 
ratus, and with different posture. 
The results are understandable in 
terms of an interference theory of 
retroactive inhibition if we assume 
that the incidental stimuli resulting 
from the changed situations serve to 
support a discrimination between orig- 
inal and (similar) interpolated lists; 
i.e., they serve as discriminative 
stimuli. 

The results of this experiment are in 
marked contrast with those of Nagge 
(4), who failed to find a decrease in 
retroactive inhibition when interpo- 
lated learning took place in a room 
different from that used during origi- 
nal learning and relearning. There 


4 The Bilodeau (1) thesis contains appendices 
which include the raw data, as well as detailed 
descriptions of the experimental design and 
conditions. 
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are many factors that could account 
for the differences in results. In the 
first place, incidental stimulation may 
well be a relatively minor part of the 
total stimulation, since S attends to 
the content of the learning material 
rather than to the method of presenta- 
tion. It is possible that differences in 
this incidental stimulation are of im- 
portance only when original and inter- 
polated lists are highly similar in con- 
tent; these are the only differential 
stimuli available to support a discrimi- 
nation between the two lists. It 
should be noted that in the present 
experiment half of the interpolated 
stimulus words were good synonyms 
of correspondingly located words in 
the original list. Under lesser degrees 
of similarity of content, there might 
well be little or no decrease in retro- 
active inhibition as a result of chang- 
ing incidental stimulation. 

A second difference between the 
present experiment and that of Nagge 
would seem to be the amount of change 
in incidental stimulation. Nagge did 
not describe the differences between 
his two rooms, but it is unlikely that 
they were as great as those in the 
present experiment; a cheerful class- 
room os. a dingy darkroom. In addi- 
tion, we varied the exposure apparatus 
and S’s posture. The magnitude of 
these changes may well account for 
our positive results. It should be 
noted, however, that neither of our 
experimental situations showed a rela- 
tively unfavorable influence on rate of 
learning. Further, there were no 
changes in the basic sense modality, 
the effector organ employed, or the 
general condition of S; only incidental 
stimuli and responses were involved in 
the changes. Apparently, these inci- 
dental changes furnished enough dif- 
ferential stimuli to aid the discrimina- 
tion between synonyms in original and 
interpolated lists, and, thus, to dimin- 
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ish interference between the corre- 
sponding response words. 

It would be interesting to assess the 
relative importance of room, exposure 
device, and posture in furnishing in- 
cidental discriminative stimulation. 
Unfortunately this cannot be done 
from the present experiment. In view 
of Nagge’s negative results, the experi- 
ment was set up to produce the largest 
differences possible, with enough Ss 
to give statistical significance to the re- 
sults. If breakdown of the effects of 
the whole pattern of changes is desired, 
it will be necessary to set up an ex- 
periment designed for the purpose. 


SUMMARY AND CONCLUSIONS 


1. These experiments were designed 
to test the hypothesis that retroactive 
inhibition would be decreased if the 
similarity between the environments 
in which original and interpolated 
learning took place was reduced by 
conducting the interpolation in a 


different room, with different appa- 
ratus, and with different posture. 
The original learning consisted of eight 
repetitions of ten paired-associate ad- 
jectives, which were relearned in the 
original (“standard”) learning situa- 
tion, following 8 min. of interpolated 


activity. In the first experiment each 
of 36 undergraduates relearned an 
original list after each of the following 
interpolated conditions: 


A. Eight min. of long division, in 
the original room. 

B. Eight presentations of a second 
list of ten paired-associate adjectives, 
in which five of the stimulus words 
were synonomous with five in the 
original list, under the standard condi- 
tions (standing and watching a mem- 
ory drum in a darkroom). 

C. Interpolation of the second list 
under contrasting experimental condi- 
tions (reading the list from cards 
while sitting in a classroom). 
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In the second experiment the same 
schedule Was repeated with an addi- 
tional 36 Ss, but the situations desig- 
nated “standard” and “contrasting” 
were reversed. 

2. The results of both experiments 
showed that the interpolated list lost 
approximately half its retroactive 
effect on recall if learned under condi- 
tions markedly different from those of 
original learning. In the first experi- 
ment the reduction in retroactive inhi- 
bition remained at about one-half 
throughout the three relearning trials, 
but the effect of a change in situation 
was even more striking in the second 
experiment, where Conditions A and 
C were indistinguishable after the 
second relearning trial. 

3. There were no statistically sig- 
nificant differences between the condi- 
tions in rate of learning, on either the 
original or interpolated lists. 

4. These results are consistent with 
an interference theory of retroactive 
inhibition. However, they do not in- 
dicate the relative importance of stim- 
uli arising from the room, the appa- 
ratus, or the S’s posture, respectively, 
in aiding the discrimination between 
the original and interpolated learning. 


(Manuscript received March 14, 1950) 


REFERENCES 


1. Brropgeavu, I. McD. Similarity in stimulat- 
ing conditions as a variable in retroactive 
inhibition. Unpublished Master’s thesis, 
Brown Univ., 1949. 

2. Buncn, M. E., ann McTeer, F. D. The 
influence of punishment during learning 
upon retroactive inhibition. J. exp. Psy- 
chol., 1932, 15, 473-495. 

3. McGeocu, J. A. The psychology of human 
learning. New York: Longmans, Green, 
1942. 

4. Nacce, J. W. An experimental test of the 
theory of associative interference. /. 
exp. Psychol., 1935, 18, 663-682. 

5. Scutosperc, H. An inexpensive memory 
drum. J. exp. Psychol., 1941, 29, 
161-163. 
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A stimulus extraneous to the insti- 
gation of any given response may have 
varied effects upon that response. 
The extraneous stimulus may interfere 
with the response and in greatly vary- 
ing degrees; if so, we commonly speak 
of “distraction” or “disturbance.” 
Pavlov termed such an effect “exter- 
nal inhibition” (17). On the other 


hand, an extraneous stimulus has also 
been reported to facilitaté a response. 
We can think of no everyday terms for 
such an effect, but certain psycholo- 
gists (3, 13, 14) have called it “dy- 


namogenesis.”” When Pavlov found 
such an effect of an extraneous stimu- 
lus on a response undergoing extinc- 
tion, he considered that it had a selec- 
tive and destructive effect on the 
accumulating inhibition, and called 
the effect “disinhibition” (17). 

The conditions which control the 
direction and the degree of the effect 
of an extraneous stimulus are un- 
doubtedly complex. So far, however, 
this problem has received little sys- 
tematic attention. The present in- 
vestigation concerns the direction and 
degree of change in the strength of a 
response that is associated with the 
introduction of an extraneous stimulus 
at various stages of the acquisition and 


1From the Psychological Laboratory of 
Brown University. This experiment was re- 
ported at the 1946 meeting of the Eastern Psy- 
chological Association at Fordham University. 
This paper derives from the M.Sc. thesis by the 
first}author. 


extinction of that response. This 
study was suggested partly by results 
from a similar study reported by 
Gagné and partly by consideration of 
the dynamogenic effects of extraneous 
stimuli which have been reported (5, 
10, 13). 


Gagné’s study (6) concerned the effects of a 
buzzer and a scratch, applied to the back of the 
starting box, on strength of the running response 
of a white rat in the straight elevated maze 
devised by Graham and Gagné (8). He meas- 
ured the strength of this response in terms of the 
animal’s latency of starting to run. His results 
showed that an extraneous stimulus may have 
opposite effects upon the strength of such a re- 
sponse when it is introduced during acquisition 
and extinction. Neither buzzer nor scratch had 
an appreciable effect upon the latent period when 
they were applied just before the first trial of 
acquisition. When introduced later, however, 
the buzzer was associated with a depression in 
strength of response (increased latency) at both 
the fourth trial of acquisition and the fifth trial 
of extinction, but on the fifth extinction trial 
was followed by an increment in strength on the 
next trial. The scratch was associated with: 
(a) significant depression of response on the 
fourth trial of acquisition, and (5) significant 
facilitation of response on the fifth trial of ex- 
tinction. Gagné explained these results by as- 
suming for the buzzer an emotional effect which 
he agreed with Skinner (19) would act regularly 
to increase the amount of “internal” inhibition 
and thereby always produce an immediate de- 
pression of response. As the inhibition died 
away, he argued that “. . . spontaneous re- 
covery may be thought of as occurring to produce 
an increased magnitude of response on the subse- 
quent trial” (6, p. 114). He used the opposite 
effects of the scratch during acquisition and 
extinction as an argument for the Pavlovian con- 
cept of inhibition, with the response aroused by 
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the scratch interfering with the dominant excita- 
tory process during acquisition, and with a 
dominant inhibitory process during extinction. 

In considering these results, certain clinical 
observations and the reports that extraneous 
stimuli employed in distraction experiments 
sometimes facilitate rather than interfere with 
complex activities (5, 10, 13) led us to consider 
that something like so-called dynamogenic effects 
found there might possibly be demonstrable with 
rats on the elevated maze. If demonstrable, it 
would seem that an extraneous stimulus could be 
associated with opposite directions of change in 
the strength of a response even during acquisi- 
tion. Furthermore, we questioned the general- 
ization made by both Gagné (6) and Skinner (19) 
that the effect of an emotional stimulus is gener- 
ally inhibitory or depressing. In counseling, 
e.g., one hears the same individual report times 
when the effects of stage fright were devastating 
for the performance and other times when the 
stage fright seems to the individual to facilitate 
the excellence of a performance. Moreover, one 
common way of helping a person to deal with 
stage fright is to have him overlearn the per- 
formance concerned. 

Similarly, we considered it possible that intro- 
duction of an extraneous stimulus might have 
opposite effects on the magnitude of a response 
at different stages of extinction. Finally, we 
considered that if opposite effects at different 
stages of both acquisition and extinction were 
demonstrable on such a simple response system 
as running down an elevated runway, this fact 
would have considerable theoretical significance. 


The present investigation is a repe- 
tition and extension of Gagné’s study, 
using the buzzer as the extraneous 
stimulus and introducing it at several 
stages during the acquisition and ex- 
tinction of the simple running response 


employed by Gagné. The purpose of 
this study is to test the hypothesis 
that quite different effects upon re- 
sponse strength may be secured from 
the same extra stimulus, depending 
upon the point during acquisition or 
extinction at which it is introduced. 


MetTHOD 


Apparatus.—The apparatus employed in the 
present study was identical with that used in all 
the runway studies at Brown University and has 
been described in the original study by Graham 
and Gagné (8). It consisted of a runway 3 ft. 
long and 14 in. wide. At either end of the run- 
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way was a small platform 6 in. by 8 in., on which 
were placed the experimental boxes, which 
served as starting boxes and food boxes on alter- 
nate trials. These boxes were carried by means 
of a handle at the back. In front of the two 
platforms were screens out of which square por- 
tions had been cut in order to make the runway 
accessible to the starting or food boxes. Doors 
at either end of the runway could be raised or 
lowered by means of a pulley system. These 
served to open or close the starting or food boxes. 
An electric buzzer was mounted on one of the 
supports about 10 in. below the platform at the 
starting end of the runway. 

The entire apparatus was inclosed by a frame- 
work measuring 2 ft. by 4 ft. The runway was 
illuminated from above by a 25-w. bulb which 
was suspended from the center of the top of the 
framework. ‘The framework was covered on top 
and on the sides with cheesecloth, which pro- 
vided a one-way screen and served to eliminate 
visual cues from outside of the experimental 
situation. 

Subjects —The Ss employed in this experi- 
ment were 50 albino rats of a Wistar strain, of 
which 31 were males and 19 were females. In 
addition, seven, rats were discarded when they 
failed to Tenn. starting box after 5 min., and 
three died of a respiratory disease during the 
training period. The age of the Ss was between 
three and four months. All of the Ss had been 
reared under standard colony conditions, and 
none had been used in previous experiments. 

Procedure.—The Ss were “tamed” for a period 
of two weeks, during which time their living 
cages were kept in the experimental room, and 
they were fed on a table approximately the same 
time each day for 30 min. The purpose of this 
procedure was to permit them to become habitu- 
ated to handling by E and to the experimental 
room. 

Following the two weeks of habituation, for 
10 min. a day on four consecutive days the Ss 
were “trained” without incentive by allowing 
them to explore an elevated runway of the same 
color and width as the experimental runway. 
On these four days, following their exploration, 
Ss were fed for 20 min. in one of the experimental 
boxes. On that day preceding its serving in the 
experiment, S was fed foronly 12min. The food 
used during this pre-experimental habituation 
was Purina mash. 

The experiment was conducted 24 hr. after 
the 12-min. feeding following the final trial of 
exploration on the elevated runway. An experi- 
mental session consisted of 15 equally spaced 
trials of acquisition and 8 equally spaced extinc- 
tion trials. At the beginning of an experimental 
session, S was taken from the living cage and 
placed in the starting box with the door closed. 
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A pellet of food of approximately 0.5 gm. was 
placed in the food box, and the door opening into 
the food box was raised. A stop watch was 
turned on when the door to the starting box was 
raised at the beginning of a trial, and was stopped 
when S’s body, exclusive of the tail, passed a 
point 4 in. from the starting box. This interval, 
the latent period of the response to the raising of 
the door, is our measure of response strength. 

Once S entered the food box, the door behind 
it was closed, and it was permitted to eat the 
pellet of food. The next trial began 75 sec. after 
S arrived in the food box. Sixty-five sec. after 
its arrival, the box was carried to the starting 
position, and 10 sec. later the starting door was 
raised for the next trial. Animals were carried 
in the experimental box, rather than by hand, 
to avoid the emotional effects of handling re- 
ported by Gagné and Graham (7). 

The 15 acquisition trials were followed, after 
the regular 75-sec. interval, by the first extinc- 
tion trial. The procedure during extinction 
differed from that during acquisition only by the 
fact that the food was omitted on these trials. 

The extraneous stimulus, a fairly loud buzzer, 
was sounded for 4 sec. and discontinued 2 sec. 
before the door to the starting box was opened 
to start the “buzzer trials.” 

Five groups of ten Ss were used in five differ- 
ent experimental procedures. Group I was a con- 
trol group in which the 15 acquisition and 8 
extinction trials were measured in the usual way 
and without the presentation of the extraneous 
buzzer. Group II received the buzzer before the 
fourth trial of acquisition and the second trial of 
extinction. Group III received the buzzer be- 
fore the eighth trial of acquisition and the fourth 
of extinction. In Group IV the buzzer was 
sounded before the twelfth acquisition and the 
fifth extinction trials. In Group V the buzzer 
was sounded before the fourteenth trial of acqui- 
sition and the sixth trial of extinction. 


RESULTS 


The data from this experiment are 
the time intervals, in seconds, required 
for the rats to respond to the opening 
of the door of the starting box with 
movement down the runway to a 
point 4 in. beyond the door of the 


starting box. This interval is the 
latent period, and it is a measure of 
response strength. Ii: order to render 
these intervals proper for statistical 
treatment, they have been converted 
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Fic. 1. The course of acquisition (top) and 
of extinction (bottom) of the running response in 
the control group (I). Solid circles represent 
the means of the logarithms of the latent periods 
for this group. Data obtained by Graham and 
Gagné (8, p. 260) are shown by the unfilled 
circles. The best-fitting lines are drawn through 
the points. 


into logarithmic scores, which yield a 
more nearly normal distribution. 

Acquisition and extinction for the 
control group.—The means of the log 
latencies of the trials of acquisition 
and extinction for the ten rats in 
the control group are represented 
graphically in Fig. 1. The solid lines 
(best fitting) through the points repre- 
sent the general course of acquisi- 
tion (above) and extinction (below). 
Comparison of these results with those 
of Graham and Gagné (8, p. 260) 
reveals that substantially the same 
curves were obtained. 

Effect of the buzzer during acquisi- 
tion.—The effect of the buzzer on the 
latency of the response may be demon- 
strated by either of two comparisons. 
The latencies of the buzzer trials for 
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TABLE I 
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the various experimental groups may 
be compared either with the latencies 
of the corresponding trials for the con- 
trol group, or with the latencies of each 
experimental group’s own preceding 
trial. Both comparisons yield the 
same general picture (see Table I and 
Fig. 2) except for presentation of the 
buzzer at the fourteenth trial. How- 
ever, since some of the experimental 
groups were “faster” and others 
“slower” than the control group, the 
latency on the trial preceding the 
buzzer trial for each group is probably 
the more relevant for assessing the 
effect of the buzzer at successive 
stages of acquisition. It may be seen 
from Fig. 2 that the differences ob- 
tained in this manner are the smaller 
of the two, except in the case of Group 
V on trial 14, where the control group 
showed a longer mean log latent period 
than did Group V on trial 13. 

Three elements appear in the gen- 
eral picture of the average effect ob- 
tained at the successive stages of ac- 
quisition. First, the average effect is 
always interference (lengthened latent 
period) with the response of running 
to the stimulus of the opening of the 


starting box door. Individual excep- 
tions to this average effect occurred 
when the buzzer was sounded at the 
eighth, twelfth, and fourteenth trials. 
At the eighth acquisition trial, one, 
and at the twelfth and fourteenth 
each, three of the animals actually ran 
more quickly on the buzzer trial than 
they had on the preceding trial. 


. Whether these are genuine instances 


of facilitation (dynamogenesis) or are 
merely the result of random oscilla- 
tions in response strength cannot be 
determined from this experiment. 
Secondly, as may be observed from 
either Table I or Fig. 2, the absolute 
differences between the latent periods 
of the buzzer trials and either of their 
controls tend to diminish at successive 
stages of acquisition. Thus, the abso- 
lute amount of interference would ap- 
pear to diminish as the running re- 
sponse becomes stronger. This trend 
is general for comparisons in terms of 
both seconds and log latent period, 
with the values for corresponding 
trials of the control group (Table I, 
A). It is also true for comparisons 
between latent periods in seconds for 
the buzzer trials and the preceding 
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Effect of the buzzer when sounded before the fourth, eighth, twelfth, or fourteenth 


acquisition trial in Groups II through V. The arrow indicates the trial before which the buzzer 
was sounded, and the solid point is the corresponding value for the control group (Group I) on that 
trial. The curve drawn on each graph is the acquisition curve for the control group. 


trials of the same group (Table I, B). 
However, an exception appears for 
comparison of the log latent period of 
the buzzer trial for Group V and that 
of their trial 13. Moreover, on trial 
14 for Group V the effect of the buzzer 
ceases to be statistically significant. 
Thirdly, the relative amount of 
interference also appears to diminish 


as the running response increases in 
strength, at least until the fourteenth 
trial of acquisition. When the differ- 
ences in the means of the latent periods 
are treated as percentages of the 
means of the values of the controls, as 
is done in Table II, one sees that by 
all methods of comparison the per cent 
decrease in response latency resulting 
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from the buzzer decreases through 
trial 12, and decreases through the 
fourteenth trial when experimental 
and control groups are compared. It 
should be said again, however, that 
the most relevant comparison is that 
between buzzer and preceding trial, 
for it keeps the group of animals 
common. Whether response strength 
should be considered to be measured 
in terms of latency or in terms of log 
latency is a moot question. The 
purpose in using log values was only 
to normalize the data for statistical 
tests of the significance of the differ- 
ences. As a measure of response 
strength, the logarithmic values tend 
to exaggerate the variability of the 
quicker responses. 

Effect of the buzzer during extinc- 
tion.—As shown in Fig. 3, the sound- 
ing of the buzzer before the second, 
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fourth, fifth, and sixth trials of extinc- 
tion for the animals in Groups II, III, 
IV, and V gave less clear-cut results 
than those found from its presentation 
during acquisition. 

In examining the effects of the 
buzzer during the trials of extinction, 
the only feasible comparison is be- 
tween the latencies of the buzzer 
groups and the control group. Be- 
cause of the sharp rise in the extinc- 
tion curve, comparison of buzzer trials 
with the preceding trials in the same 
group would be meaningless, or at any 
rate, difficult of interpretation. 

When the buzzer was presented be- 
fore the second trial of extinction, 
there apparently resulted an increase 
in response strength as revealed by a 
decrease in mean latency. The value 
for the control group at the second 
trial of extinction is 0.79 log units 


GROUP Ill 
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Effect of the buzzer when sounded before the second, fourth, fifth, or sixth extinction 


trial in Groups II through V. ‘The arrow indicates the trial before which the buzzer was sounded, 
and the,solid point is the corresponding value for the control (Group I) on that trial. The curve 
drawn on each graph is the extinction curve for the control group. 
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(6.2 sec.), while the corresponding 
value for Group II is 0.45 (2.8 sec.). 
This difference of 0.34 log units was 
found by the t-test to be significant at 
the .05 level of confidence. From 
these results it appears that sounding 
the buzzer has prevented the decre- 
ment in strength of response which 
usually occurs following the frustrat- 
ing effects of the first extinction trial. 

The value of the log latency at the 
fourth trial for the rats of Group III 
is almost identical (0.06 less) with the 
corresponding value for the control 
group. In other words, the buzzer 
does not seem to have appreciably 
altered the decrement in response 
strength which is to be expected at 
this stage of extinction. However, a 
decrease in mean latency appeared on 
the three subsequent trials for this 
group. On the fifth trial, the value 
for the control group is 1.56 log units 
(36.1 sec.), and for Group III is 1.13 
(17.9 sec.). This difference (0.43) was 


found by the #-test to be significant 


at the .05 level. The differences be- 
tween Group III and the control 
group at the sixth and seventh trials 
were not statistically significant. 

Sounding the buzzer before the fifth 
trial of extinction is again associated 
with a decrement in latency indicating 
an increase in response strength. The 
difference of 0.21 log units between the 
mean latencies of Group IV and con- 
trols, however, was found not to be 
significant even at the .05 level of 
confidence. Some indication of a de- 
crease in mean log latency is also 
present on the sixth and seventh trials 
for Group IV, but these were not 
significant. 

These results obtained from Group 
IV may be contrasted with those of 
Gagné (6, p. 111), who found that a 
buzzer sounded before the fifth trial of 
extinction resulted in an increased 
latency on that trial, followed by a 
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decrease in latency on the following 
trial. These contradictory findings 
are difficult to explain; they may, how- 
ever, be attributed to the difference 
in the stage of acquisition at which the 
buzzer was sounded. During acquisi- 
tion the Ss used by Gagné received 
the buzzer before the first or fourth 
trial. In the present experiment, the 
Ss of Group IV received the buzzer 
before the twelfth acquisition trial. 
It is possible that the difference in the 
effect of the buzzer sounded during 
extinction bears some relation to the 
effect it has had during acquisition, or 
to the proximity of the previous pre- 
sentation. Such a relationship, how- 
ever, is probably complicated by the 
amount of extinction which has taken 
place when the buzzer is sounded for 
the second time. 

Comparing the mean log latency for 
Group V, in which the Ss received the 
buzzer before the sixth extinction 
trial, with that of the control group 
on the sixth trial shows that the buzzer 
had little effect. The difference is 
only 0.03 log units. In fact, none of 
the differences between the mean log 
latencies of Group V and the control 
group on the sixth, seventh, or eighth 
trials is statistically significant. 

On the other hand, it is evident 
from Fig. 3 that the extinction data 
for Group V fit the curve for the con- 
trol group poorly. By inspection, the 
discrepancy appears larger than that 
for any of the other experimental 
groups, and for every trial the mean 
latency for Group V lies below that 
for the control group. Although the 
animals in Group V may have 
differed from the control Ss this 
consistent discrepancy during the ex- 
tinction trials might be attributable 
to the fact that the buzzer was sounded 
at the fourteenth trial of acquisition 
in Group V, only two trials away from 
the point at which the extinction trials 
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began. Sounding the buzzer so close 
to the beginning of extinction trials 
may have tended to increase the re- 
sistance of this group of animals to 
extinction. If this be true, inspection 
of the trend of latency values (Fig. 3) 
for Group V gives a hint that sounding 
the buzzer on the sixth trial of extinc- 
tion may possibly have had an effect 
opposite in direction to that found for 
the second extinction trial, namely, to 
increase latency or decrease strength 
of response. A similar view can also 


be taken for the results shown by 
Group III. 


Discussion 


This experiment has shown clearly 
that the magnitude of the weakening 
effect of an extraneous stimulus is a 
function of the stage of acquisition at 
which it is introduced. Statistically 
significant increments in mean log 
latency were found when the buzzer 
was sounded before the fourth, eighth, 
and twelfth ‘trials of acquisition. 
Furthermore, the magnitude of these 
increments in mean latency decreased 
with the number of the acquisition 
trial until, at the fourteenth, it was 
small and not statistically significant. 
These findings agree with Pavlov’s 
prediction (17, p. 45), not systemati- 
cally verified by experimentation so 
far as we know, that a given external 
inhibitor will have less effect during 
the later stages of learning than during 
the early ones. These results also 
confirm Lindberg’s statement (15, p. 
470) that the action of an external 
agent depends among other things on 
the stability and strength of the es- 
tablished conditioned response. The 
findings also corroborate those distrac- 
tion studies which have found that the 
interference of a distractor decreases 
as a performance becomes more “‘auto- 
matic” (1, 2, 4, 20, 22). 

The effect of the buzzer on the 


WILMA A. WINNICK AND J. McVICKER HUNT 


mean latency of response at these four 
stages of acquisition offers no con- 
firmation of the possibility, suggested 
by the reported dynamogenic effects 
of distractors, that an extraneous 
stimulus may facilitate stable and 
well-learned responses. However, six 
animals exhibited decreased latencies 
when the buzzer was sounded late in 
learning (three at the twelfth trial and 
three at the fourteenth). Although 
these cases may be based upon random 
variation (oscillation) in response 
strength, they hint that a change in 
the direction of effect of the buzzer 
even during the course of acquisition 
may be possible. An experiment em- 
ploying more trials of acquisition may 
be worth while to provide a more 
adequate test of this possibility. 

On the whole, the results derived 
from introducing the extraneous stim- 
ulus during extinction are less clear 
than those for acquisition. Yet sound- 
ing the buzzer at the second extinction 
trial (Group II) was definitely associ- 
ated with an increment of response 
strength. Although there may be 
dubious justification for speaking in 
Pavlovian terms of disinhibition after 
only one trial, the effect is like dis- 
inhibition. The fact that the latency 
of the second extinction trial equals, 
but is not less than, that of the first, 
agrees with the findings of others (18, 
21, 24) that the strength of a response 
resulting from disinhibition is never 
greater than that on the last trial of 
acquisition. 

Because of the proximity of the buzzer- 
sounding to the last reinforced trial in Group II, 
the increased response strength found might also 
be considered in Pavlovian terms as an inhibition 
of the inhibition which has been built up during 
reinforcement. This has been termed by Hov- 
land (11) 2s “inhibition of reinforcement.” 
However, the fact that this is the only group of 
animals of the five in which the latency of the 


second extinction trial is not greater than that 
of the first indicates that nonreinforcement ordi- 
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narily has a depressing effect on the response of 
running the elevated runway. 

The other results during extinction, unclear 
as they are from one standpoint, afford difficulty 
for Pavlovian theory. In so far as the compari- 
sons between experimental and control groups 
are concerned, when the buzzer was sounded 
before the fourth, fifth, and sixth extinction 
trials, it appears to have been associated with 
small increments in response strength, and also 
possibly with increments in strength for one or 
two subsequent trials. Statistically these differ- 
ences are not significant, and one can quite as 
well consider the obtained results from another 
point of view. If one takes as the basis of refer- 
ence the line joining the latency values for the 
trials immediately preceding and succeeding that 
on which the buzzer was sounded, the effect of 
the buzzer may be seen for both Groups III and 
V as a decrement in response strength during 
these later extinction trials. This would mean 
that the direction of effect did change when the 
extraneous stimulus was introduced at successive 
stages of extinction. Even though the results 
are equivocal on this latter point, nothing in 
Pavlovian theory can account for the variation 
in the effect of the buzzer during extinction. 
Furthermore, we see difficulty with Gagné’s (6) 
interpretation that during acquisition the ex- 
traneous stimulus interferes selectively with 
excitation because excitation is dominant, and 
that during extinction it interferes selectively 
with inhibition because inhibition is dominant. 
In this experiment, the extraneous stimulus 
interfered considerably more with what is con- 
sidered inhibition in Pavlovian terms on the 
second trial of extinction, when the inhibitory 
process is presumably at its lowest level of 
dominance, than on any later trial. 


One can explain most of the ob- 
tained results in terms of interfering 


reaction systems. First, we may as- 
sume that the buzzer would tend to 
produce a neuromuscular response of 
its own, and, indeed, the animals were 
often observed to huddle or crouch as 
the buzzer was sounded. Secondly, 
since the buzzer is of constant strength 
and is sounded but twice for each 
animal, once during acquisition and 
once during extinction, we can justi- 
fiably assume that this response to the 
buzzer is of relatively constant aver- 
age strength from one group of rats to 
another. Thirdly, we know from the 
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data that the running response is 
increasing in strength with succes- 
sive reinforcements during acquisition. 
From these propositions we may infer: 
(a) that the effect of the buzzer should 
always depress the strength of the 
running response during acquisition, 
and (b) that the amount of depressive 
effect should diminish during succes- 
sive stages of acquisition, possibly to 
a degree where it would no longer be 
observable. This is essentially the 
view of Guthrie (9) and Wendt (23), 
and it accounts nicely for the progres- 
sively diminishing increments of mean 
latency observed at the successive 
stages of acquisition. Such an inter- 
pretation would also appear to derive 
from Hull’s (12) theory. Since there 
is no room in such a formulation to 
explain the facilitative effects of an 
extraneous stimulus, those observed 
in individual animals would have to 
be considered to result from random 
oscillations of response strength. 

Although it is more difficult, with 
some added assumptions this sort of 
formulation can also be made to ac- 
count for the results obtained during 
extinction. The first additional as- 
sumption would be that the conditions 
of nonreinforcement set up a response 
system (a “not-to-run” response) that 
competes with the response being ex- 
tinguished.?, Such an assumption has 
commonly been made by Guthrie (9), 
Hull (12), Miller and Dollard (16), 
and Wendt (23). Thus, the extrane- 
ous stimulus must be considered dur- 
ing extinction to act upon the dynamic 
interrelations between the two com- 
peting response systems. 

The ordinary facilitative effect ob- 


It is not important here to consider the 
nature of these conditions that reinforce the com- 
peting response system. They may be fatigue 
derived from running the alley (16) or, in this 
situation, possibly an emotional response anthro- 
pomorphically analogous to disappointment. 
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served for extraneous stimuli during 
extinction might be accounted for by 
assuming that the response aroused by 
these stimuli interferes selectively 
with the newer or possibly the less 
stable of the two competing responses. 
The fact that the greatest facilitative 
effect of the buzzer occurred after the 
first nonreinforced trial in this experi- 
ment suggests that newer would be the 
more appropriate adjective here. On 
the other hand, the variety of the 
effects observed during extinction by 
Gagné (6), Skinner (19), and ourselves 
suggests that the interrelations in- 
volved here are complicated, but per- 
haps very important for further study. 
One might also make this formulation 
explain the dynamogenic effects that 
have been reported by assuming that 
they occurred in subjects who were in 
some degree of conflict. The impor- 
tant thing to discover in this connec- 
tion is the law or laws which govern 
the selectivity of the effect of the 
extraneous stimulus. 

If it should ever be demonstrated 
that the depressing effect of an ex- 
traneous stimulus does change to a 
facilitative effect with overlearning of 
simple responses, such a formulation 
as we have used here would no longer 
be tenable. Such a result would re- 
quire the envisagement of a kind of 
mechanism, probably of a central 
neural nature, whereby the excitement 
aroused by an extraneous stimulus 
could interfere with a response at one 
stage or degree of organization and 
facilitate it at a later stage or greater 
degree of its organization. Unless 
such an empirical result should be 
clearly demonstrated, however, the 
more traditional kind of theory out- 
lined can serve well. 


SUMMARY 


1. This stimulated 


investigation, 
partly through a similar study by 
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Gagné and partly from consideration 
of the dynamogenic effects reported 
for distractors, has been concerned 
with the direction and degree of 
change in the magnitude of a response 
that is associated with the introduc- 
tion of an extraneous stimulus at vari- 
ous stages of the acquisition and ex- 
tinction of that response. 

2. White rats ran an elevated maze, 
and the measure of strength of re- 
sponse was the time taken by the rat 
to leave the starting box after the door 
had been lifted. The extraneous 
stimulus was a buzzer which was 
sounded for about 4 sec. and ceased 
about 2 sec. before the door of the 
starting box was lifted to start the 
trial. 

3. Five groups of ten Ss were given 
15 trials of acquisition and 8 trials of 
extinction. Group I served as con- 
trols. In Groups II through V the 
buzzer was sounded before the fourth 
acquisition and second extinction 
trials, before the eighth acquisition 
and fourth extinction trials, before the 
twelfth acquisition and fifth extinc- 
tion trials, or before the fourteenth 
acquisition and sixth extinction trials, 
respectively. 

4. The average effect of introducing 
the buzzer during acquisition is a con- 
sistent decrement in strength (in- 
creased latency) of the response. The 
decrement decreases as the running 
response becomes stronger with suc- 
cessive reinforcements. There were 
individual exceptions to these aver- 
aged results. 

5. When the buzzer was introduced 
before the second extinction trial, the 
mean latency of response was reduced 
to what it had been on the first extinc- 
tion trial. When the buzzer was in- 
troduced before the fourth, fifth, or 
sixth extinction trial, the effect was 
small and equivocal in direction. 
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6. The results are explained by 10. Horsaver, L. Interverenz zwischen ver- 
schiedenen Impulsen im Central nerven- 


means of an interference theory, but 
it is pointed out that such a theory Agrees peered tegueaene 


would be inadequate if further investi- . Hovianp, C. L. “Inhibition of reinforce- 


gation should demonstrate that an ex- ment” and phenomena of experimental 
traneous stimulus can produce effects 
of opposite direction in the course of 
both acquisition and extinction. 


extinction. Proc. nat. Acad. Sci., Wash., 
1936, 22, 430-433. 
. Hutt, C. L. Principles of behavior. New 


(Manuscript received March 16, 1950) 
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RESISTANCE TO EXTINCTION AND THE PATTERN OF 
REINFORCEMENT: II. EFFECT OF SUCCESSIVE 
ALTERNATION OF BLOCKS OF REINFORCED 
AND UNREINFORCED TRIALS UPON THE 
CONDITIONED EYELID RESPONSE 

TO LIGHT? 


BY HAROLD W. HAKE? AND DAVID A. GRANT 


University of Wisconsin 


The present experiment along with 
three previous studies (4, 5, 7) was 
concerned with the identification of a 
class of stimulus variables related to 
resistance to extinction. It was con- 
cerned specifically with the effect upon 
resistance to extinction of the number 
of times during training that rein- 
forced trials followed unreinforced 
trials. Human Ss were presented 
with training sequences consisting of 
varying numbers of successive, ran- 
dom alternations of blocks of rein- 
forced trials and blocks of unreinforced 
trials. All Ss received the same num- 
ber of reinforced trials, but it was 
thought that those Ss for whom there 
were numerous transitions from un- 
reinforced trials back to reinforced 
trials might be especially resistant to 
extinction, because they had an oppor- 
tunity to learn to respond following 
unreinforced or extinction trials. 

Besides the number of transitions 
from unreinforced to reinforced trials 
the average size of the blocks of un- 
reinforced trials was varied. It was 
possible to combine this second vari- 
able with the number of transitions in 
a three-by-three orthogonal design so 
that the two main effects and their 
interaction might be evaluated. 


1 This experiment was supported in part by 
the Research Committee of the Graduate School 
of the University of Wisconsin from funds pro- 
vided by the State Legislature. 

2 Now at Johns Hopkins University. 


APPARATUS AND PROCEDURE 


Apparatus.—The apparatus and general pro- 
cedure have been described elsewhere (6, 7). 
The conditioned stimulus (CS) consisted of an 
increase in brightness of a 10-cm. circular milk 
glass window from 14 to 345 millilamberts. The 
stimulus window was 60 cm. directly in front of 
the S and was fixated binocularly. The uncon- 
ditioned stimulus (UCS) was a puff of air de- 
livered to the right cornea. The CS lasted 0.75 
sec., and the UCS, when given, followed the onset 
of the CS by 0.45 sec. A 30-cm. square, white 
diffusing surface surrounded the stimulus win- 
dow. This surface was maintained at a bright- 
ness which varied spatially from 14 to 35 milli- 
lamberts in order to prevent dark adaptation 
of the S. 

Experimental design.—The design of the ex- 
periment is shown in Table I, which outlines the 
Day 1 procedure for each of the nine experi- 
mental groups. In Table I, it will be noted that 
all three groups in any one column receive the 
same number of transitions from unreinforced to 
reinforced trials. Similarly, all three groups in 
any one row receive the same average number of 
trials in each block of unreinforced trials. The 
number of transitions is thus orthogonal to the 
average number of trials per unreinforced block. 

Procedures——The experiment required an 
hour session on each of two successive days for 
all procedures. On Day | the S received 1, 3, 
or 5 transitions from unreinforced to reinforced 
trials, with an average of 2, 4, or 6 trials per 
unreinforced block, depending upon the group 
to which he had been assigned. He received a 
total of 30 reinforced trials on Day 1. On the 
second experimental day the procedure was the 
same as the first, except that the average number 
of unreinforced trials per block was cut in half 
to 1, 2, and 3, respectively, and only 15 rein- 
forced trials were given. On both days the 
acquisition sequences began and ended with 
reinforced trials. After the last reinforced trials 
of Day 2, an extinction series of 20 unreinforced 
trials was given. 

Because it was not feasible to hold constant 
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TABLE I 
Day 1 Procepures ror THE Nine Expermmentat Groups 





Group A 
1 transition 
2 unreinforced 
trials per block 


Group B 
1 transition 
4 unreinforced 
trials per block 


Group C 
1 transition 
6 unreinforced 
trials per block 


Group D 
3 transitions 
2 unreinforced 
trials per block * 


Group E 
3 transitions 
4 unreinforced 
trials per block 


Group F 
3 transitions 
6 unreinforced 
trials per block 


Group G 
5 transitions 
2 unreinforced 
trials per block 


Group H 
5 transitions 
4 unreinforced 
trials per block 


Group I 
5 transitions 
6 unreinforced 
trials per block 





* The number of unreinforced trials per block is an a 


figure. The actual number was varied slightly from 


average 
block to block so as to avoid simple cues due to seputasity. The LT o gare nforced trials were spaced at 
is throughout the 


cporenetey even in 
Groups 


both the total number of reinforced trials and 
the total number of trials, the total number of 
trials varies from procedure to procedure, in- 
creasing progressively from the upper left corner 
to the lower right corner of Table I. This vari- 
able, along with per cent reinforcement, remains 
confounded with the main effects and the inter- 
action, but within the range of the present 
experiment, there is evidence that this effect is 
minimal. 

Subjects —The Ss were 90 men and women 
students in elementary psychology classes. 
Subjects were assigned in order of their appear- 
ance to the nine groups until there were ten 
in each. 


RESULTS 


All eyelid closures with latencies 
from 0.15 to 0.75 sec. during extinc- 


he blocks of unreinforced trials in 


For 
E, and F, center ‘olemn above, were — ir after the oth, 15 ise aa 22nd reinforced trials on Day 1, 
and after the 6th, 8th, and 11th reinforced trials on Day 2. 


tion were considered to be CR’s. 
Analysis of the latency distribution 
indicated that sensitized §-responses 
to light were almost totally absent (6). 
Since the experiment was concerned 
primarily with the behavior of the 
CR’s during extinction, it is important 
to remark that the average extinction 
trends for all groups were essentially 
regular and showed none of the sys- 
tematic reversals reported by Hum- 
phreys (3) for random reinforcement, 
or by Grant, Riopelle, and Hake (7) 
for systematic alternation of reinforce- 
ment. The mean frequency and vari- 
ance of CR’s during extinction are 


TABLE II 


MEANs AND VARIANCES OF FREQUENCY OF RESPONSE OF THE GrouPs DURING FINAL 
Extinction (N = 10 Eacu Group) 








Group A 
Mean: 
Variance: 


Group B 
Mean: 


Variance: 


Group C 
Mean: 
Variance: 


Group D 
Mean: 


Group E 
Mean: 


Group F 
Mean: 


Variance: 


Variance: 


Variance: 


Group G 
ean: 
Variance: 


Group H 
Mean: 
Variance: 


Group I 
Mean: 


Variance: 
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TABLE III 


SumMARY OF ANALYSIS OF VARIANCE OF 
FREQUENCY OF RESPONSE DURING 
Finat Extinction 








Source of Variation df ms 


Number of 
alternations 
Average unreinforced 
block size 
Interaction 
Replication 





244.47 


192.27 
109.46 
3722.30 


122.24 


96.14 
27.62 
45.95 

















reported for each group in Table II. 
The effects of number of alternations 
of reinforcement and average block 
size are shown graphically in Fig. 1, 
where the total number of CR’s during 
extinction is plotted as a function of 
the number of alternations of rein- 
forcement in the left-hand graph and 
as a function of average block size in 
the right-hand graph. Frequency of 
response appears to increase to a maxi- 
mum and then to decrease as a func- 
tion’of the number of alternations and 
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also as a function of average block size. 

There is a slight positive correlation 
between the means and variances of 
Table II, but this is slight enough to 
be disregarded in the statistical analy- 
sis (1, 3). The analysis of variance 
of the data of Table II is summarized 
in Table III. In spite of the 81 de- 
grees of freedom available for the error 
estimate, the F’s of 2.66 and 2.09 do 
not achieve significance at the 5 per 
cent level. The F for interaction is 
less than 1.00. Thus neither of the 
two main effects—number of transi- 
tions or average block size—nor their 
interaction is statistically significant. 

The maxima of Fig. 1 may be the 
reason for failure of the trends of 
Table II to reach statistical signifi- 
cance. For example, the rise in fre- 
quency from the one transition to the 
three transition groups in the left- 
hand figure is significant at the 5 per 
cent level (¢ = 2.31 with 28 df), 
although the rise from the two-trial to 
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1 3 
NUMBER OF TRANSITIONS FROM 


UNREINFORCED TO REINFORCED TRIALS 


Fic. 1. 





AVERAGE SIZE OF GROUPS OF 
UNREINFORCED TRIALS 


Frequency of response during the final 20 extinction trials is plotted as a function of 


number of alternations of reinforcement (left) and average unreinforced block size (right).{¥The 
legend of the abscissa on the right indicates block sizes for Day l only. The groups received average 
unreinforced block sizes of 1, 2, or 3 trials on Day 2. 
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the four-trial groups in the right-hand 
figure is not (¢ = 1.89 with 28 df). 
To claim that there is an optimal num- 
ber of transitions from unreinforced 
to reinforced trials which will maxi- 
mize resistance to extinction would be 
premature if based on the present find- 
ings. That there is such a maximum 
is probable, for this view is supported 
by other evidence from the Wisconsin 
Laboratory.’ 

An analysis of the average magni- 
tude of the CR’s during extinction has 
also been completed, but it is not pre- 
sented here because of its essential 
similarity to the analysis of the fre- 
quency data. 


Discussion 


The results of the present experi- 
ment add to, rather than decrease, the 
recognized complexities of partial rein- 
forcement phenomena (8, 10, 11, et 
al.). They point up the fact that 
these phenomena are not only incom- 
pletely understood, but, also, that 
there is much which remains unknown 
at a simple descriptive level. Cer- 
tainly the notion that resistance to 
extinction increases simply with an 
increased number of transitions back 
to reinforced from unreinforced trials 
must be dismissed as inadequate. 
The results suggest either that the 
number of transitions does not affect 
resistance to extinction or that re- 
sistance to extinction shows one or 
more maxima for optimal numbers of 
transitions. The writers favor the 
latter interpretation. 

A precise relation between the pres- 
ent results and those of Humphreys 
(9) is hard to establish. As the num- 


3 A second study utilizing Humphreys’ condi- 
tioned verbal response has been completed in 
which a similar maximum was found. This 
independent observation was thought to justify 
testing for the maximum obtained in the present 
study. 


219 


ber of transitions increases and the 
average number of trials per unrein- 
forced block decreases, the stimulus 
sequence approaches Humphreys’ ran- 
dom reinforcement. The complexity 
of the situation then becomes appar- 
ent when the considerable resistance 
to extinction of Humphreys’ Ss is 
viewed in the light of the present 
possibility of maximum resistance to 
extinction occurring after as few as six 
alternations of reinforced and unrein- 
forced trials. It is possible that a 
very large number of transitions 
changes the whole situation markedly 
so that the present findings are 
not necessarily opposed to those of 
Humphreys. 

One complicating factor in the par- 
tial reinforcement experiment is the 
relatively slow acquisition of the eye- 
lid CR. The S is acquiring the eyelid 
CR;; he is learning about the sequence 
of stimuli; these processes may or may 
not be interacting; and, finally, his 
responses are adjusting to the dis- 
criminated sequence of stimuli. It is 
well known that S recognizes trial 
patterns and sequences at a verbal 
level, but that his eyelid responses do 
not follow his verbal discriminations 
(2, 7). To eliminate the problem of 
acquisition of a new response, a fur- 
ther experiment (cf. footnote 3) was 
carried out, and the S’s adjustment to 
partial reinforcement will be discussed 
in a second paper based on the similar, 
but statistically more adequate, find- 
ings of that experiment. 


SUMMARY 


Resistance to extinction of the eye- 
lid CR’s of 90 human Ss was studied 
as a function of the number of transi- 
tions from unreinforced back to rein- 
forced trials, and the average length 
per block of the unreinforced trials. 
The total frequency of CR’s during 
extinction increased with the number 
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of transitions to a maximum and then 
decreased. A similar, although less 
reliable, trend resulted for average 
unreinforced block size. 

It was pointed out that the results 
emphasize the descriptive complexity 
of partial reinforcement phenomena 
and preclude premature theorizing. 
Further work has been carried out on 
a different response system and is 
reported in a second paper. 


(Manuscript received March 20, 1950) 
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RESISTANCE TO EXTINCTION AND THE PATTERN OF 
REINFORCEMENT: III. THE EFFECT OF TRIAL 
PATTERNING IN VERBAL “CONDITIONING”? 


BY HAROLD W. HAKE? DAVID A. GRANT, AND JOHN P. HORNSETH ? 


University of Wisconsin 


This experiment was carried out to 
discover the effects of (a) the number 
of transitions from blocks of “unrein- 
forced” trials back to “reinforced” 
trials and (b) the length of the block 
of unreinforced trials upon perform- 
ance during extinction of the Hum- 
phreys’ conditioned verbal response 
(10). The investigation was part of 
a program (4, 5, 6, 7) to discover fac- 
tors in the sequences of trials which 
affect resistance to extinction in the 
partial reinforcement situation. 

In a previous experiment on the 
conditioned eyelid response it was dis- 
covered that the maximum number of 
CR’s occurred during extinction if 
there had been three transitions from 


unreinforced to reinforced trials dur- 
ing each day’s acquisition sequence 


(7). Three transitions were signifi- 
cantly (5 per cent level) more effective 
than one and possibly more effective 
than five transitions per day in pro- 
ducing resistance to extinction. 
Because the eyelid results were pre- 
sumably complicated by the slow ac- 
quisition of the eyelid CR, and be- 
cause of ambiguity in the statistical 
tests, it was desirable to repeat the 
experiment with a more readily ac- 
quired response. Humphreys’ tech- 
nique was chosen because it depends 
upon highly developed verbal behavior 
and because it closely parallels some 
aspects of conditioning situations. 


1 This research was supported by the Research 
Committee of the Graduate School of the Uni- 
versity of Wisconsin from funds provided by the 
State Legislature. 

2 Now at Johns Hopkins University. 


APPARATUS AND PROCEDURE 


Apparatus.—The apparatus consisted of a 
flat black plane surface 3 ft. square which was 
set vertically on a desk in front of a small class- 
room. On either side of the board 1 ft. down 
from the top a 60-w. frosted light bulb was 
mounted so that the Ss, seated in the classroom, 
looked at the top of the bulbs. An electronic 
timing circuit provided for a 3-sec. illumination 
of the left-hand bulb, which could be followed 
at its termination by a brief flash of the right- 
hand bulb. 

Experimental design—The design, the same 
as that of the previous study, is shown in Table I. 
The two variables, number of transitions from 
unreinforced to reinforced trials and average 
number of trials per unreinforced block, each 
occur at three levels and are orthogonal so that 
a total of nine procedures make up the three-row 
by three-column table. In the table the assign- 
ment of groups to columns was made in terms 
of the number of transitions from unreinforced 
to reinforced trials, and the assignment of 
groups to rows was in terms of the average num- 
ber of trials in the unreinforced blocks. The 
design permits independent evaluation of the 
main effects of the two factors, transitions and 
block size, and of their interaction. 

Procedures.—At the beginning of each trial, 
the left-hand bulb was illuminated for 3 sec. 
During positive or reinforced trials the right-hand 
bulb was illuminated for $ sec. at the end of the 
3-sec. flash. During negative or unreinforced 
trials the right-hand bulb remained unlighted. 
Trials were separated by about 30 sec. 

The Ss were told at the beginning of the ex- 
periment that they were participating in a study 
of guessing ability and that whenever the left- 
hand light appeared, they were required to guess 
whether the right-hand light would also flash. 
All Ss in a particular group were run at the same 
time, and responses were recorded on IBM 
answer sheets by each S. During the experi- 
ment the Ss were carefully proctored to see that 
they recorded their responses after the left light 
and before the right light flashed. 

One experimental session of 4-hr. duration 
was required for each group of Ss. During the 
training procedure each group received 30 posi- 
tive trials randomly interspersed with blocks of 
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TABLE I 


Day 1 Procepures ror THE Nine Experimentat Groups 








Group A 
1 transition 
2 unreinforced 
trials per block 


Group B 
1 transition 
4 unreinforced 
trials per block 


Group C 
1 transition 
6 unreinforced 
trials per block 


Group D 
3 transitions 
2 unreinforced 
trials per block * 


Group E 
3 transitions 
4 unreinforced 
trials per block 


Group F 
3 transitions 
6 unreinforced 
trials per block 


Group G 
5 transitions 
2 unreinforced 
trials per block 


Group H 
5 transitions 
4 unreinforced 
trials per block 


Group I 
5 transitions 
6 unreinforced 
trials per block 





* The number of unreinforced trials per block is an average figure. 


The actual number was varied slightly from 


block to block so as to avoid simple cues due to regularity. The blocks of unreinforced trials were spaced at 


approximately even intervals throughout the training series. For ¢ 
, E, and F, center column above, were placed after the oth, isth, and 22nd reinforced trials on Day 1. 


roups 


negative trials, as indicated in Table I. After 
the last training trial an extinction® series of 
20 negative trials was given. The procedure, 
then, closely parallels the procedures used in the 
eyelid response experiment except that only one 
session was needed for each S. 

Subjects.—The Ss were 180 volunteer men and 
women students in elementary classes in psychol- 
ogy. Twenty Ss were-assigned to each of the 
nine experimental groups according to the time 
of appearance of each group. 


REsuULTs 


The S could make two kinds of re- 
sponses, a positive response—that the 


* Extinction is used in a purely descriptive 
sense in that the frequency of a response is 
reduced under conditions analogous to the extinc- 
tion of a CR. 


xample, the bi Gleeke of unsgaieened trials in 


second light would flash on—or a 
negative response—that the second 
light would not flash on. Resistance 
to extinction was measured by the 
number of positive responses emitted 
by each S during the 20-trial extinc- 
tion series. Since, as was the case 
with the eyelid conditioning study, the 
extinction curves of the nine groups 
were monotonic decreasing functions 
of the extinction trial number, and no 
reversals of slope, such as those ob- 
served by Humphreys (9, 10), were 
found, the extinction scores serve as 
general indices of persistence of re- 
sponses rather than indicators of ex- 
tinction trend reversals. 


TABLE II 


Means AND VARIANCES OF FREQUENCY OF RESPONSE OF THE GROUPS DURING 
Finat Extinction (NV = 20 Eacu Group) 








Group A 
Mean: 


Variance: 


Group D 
Mean: 


Group B 
Mean: 


Variance: 


Group E 
Mean: 


Group C 
Mean: 


Variance: 


Group F 
Mean: 


Variance: 


Variance: 


Variance: 


Group G 
Mean: 


Variance: 


Group H 
Mean: 


Variance: 


Group I 
Mean: 
Variance: 


5.85 
12.13 


4.85 
8.53 


4.35 
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TOTAL FREQUENCY 
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' 3 
NUMBER OF TRANSITIONS FROM 
UNREINFORCED TO REINFORCED TRIALS 


Fic. 1. 


AVERAGE SIZE OF GROUPS OF 
UNREINFORCED TRIALS 


Frequency of positive responses during the final 20 extinction trials, plotted as a function 


of number of alternations of reinforcement (left) and average unreinforced block size (right) 


In Table II are presented the mean 
and variance‘ of the frequency of 
positive responses in each of the nine 
groups of the experiment. The groups 
are in the same spatial arrangement in 
Table II as they were in Table I. 
In Fig. 1 the frequency of positive 
responses during extinction is plotted 
on the left-hand side as a function of 
the number of transitions from nega- 
tive to positive trials, and on the 
right-hand side as a function of the 
average size of groups of negative or 
unreinforced trials. The left-hand 
graph shows a maximum for three 
alternations as did the corresponding 
eyelid CR data. The right-hand 
graph shows that frequency of posi- 
tive responses during extinction was a 
monotonic decreasing function of the 


‘Heterogeneity of variance, and a slight 
correlation between means and variance occurs 
in Table II. It is felt, however, that the high 
degree of significance of the F’s in the subsequent 
analysis of variance justifies considerable confi- 
dence in the statistical significance of the find- 
ings (1, 2). 


number of negative trials per block 
during the training series. This latter 
curve does not show the same trend as 
the eyelid CR counterpart. 

The data of Table II were analyzed 
statistically, and the analysis of vari- 
ance summary is given in Table III. 
The main effects are highly significant 
(P < .001), and the interaction fails 
to reach significance. Thus, it may 
be concluded that both the number of 
transitions from unreinforced to rein- 
forced trials during training and the 
number of negative trials in the un- 


TABLE III 


Summary oF ANALYsIS OF VARIANCE OF 
Frequency or “Yes” Responses 
purinc Finat Extinction 





Source of Variation ad 





Number of alterna- 
tions 

Average unreinforced 
block size 

Interaction 

Replication 


100.31 


85.51 
42.36 
1161.35 
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reinforced block affect resistance to 
extinction. 


Discussion 


Effect of transitions.—The original 
hypothesis which motivated this and 
the parallel eyelid CR experiment was 
that in partial reinforcement se- 
quences the S learns specifically to 
give CR’s after or during extinction 
trials because extinction trials were 
followed by reinforced trials during 
the training series. The effect of the 
number of transitions from unrein- 
forced to reinforced trials upon re- 
sistance to extinction in both of these 
studies suggests that there is some 
basis for this hypothesis. Other fac- 
tors seem to be involved in addition 
to the one originally hypothesized, 
however, because resistance to extinc- 
tion appears either to be a negatively 
accelerated function of the number of 
transitions or to have a maximum in 
the neighborhood of three transitions 


per day in the range tested. Two 
factors might easily account for the 


negative acceleration. First, as the 
number of transitions increased, the 
number of negative trials increased 
from group to group in these experi- 
ments. Thus, a simple extinction 
process during training might ulti- 
mately reduce the favorable effect of 
transitions on resistance to extinction 
as the number of transitions increased. 
Secondly, as the transitions increase 
beyond an optimal frequency, the S 
may learn to discriminate the transi- 
tions, as such, more readily and may 
learn to change his response quickly 
to fit the discriminated changes in 
stimulus sequences. This could be a 
more general learning set (8), or it 
might occur, in part, simply because 
there are more transitions from rein- 
forced to unreinforced trials as well 
as more transitions from unreinforced 
to reinforced trials. 
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Effect of size of unreinforced blocks.— 
Resistance to extinction was found in 
the present study to decrease as the 
length of the blocks of unreinforced 
trials increased. In contrast, the cor- 
responding data from the eyelid ex- 
periment showed a maximum. This 
trend for the verbal response was 
highly significant, but the data from 
the eyelid CR experiment were not. 
In view of the absence of statistical 
significance of the eyelid results, the 
difference between the verbal and 
eyelid results will not be stressed. It 
may be pointed out, however, that 
experiments from this (3) and other 
laboratories (10, 11) have shown that 
the verbal response is not completely 
analogous to the eyelid CR. 

The downward trend of resistance 
to extinction as a function of the num- 
ber of trials in the negative or unrein- 
forced blocks can be explained by two 
processes. First, the more negative 
trials during training the more a 
general extinctive effect might be ex- 
pected which should lower resistance 
to subsequent extinction. Secondly, 
the longer blocks of negative trials 
“stand out” more in the training 
series and hence may be more readily 
discriminated. The S can thus learn 
more easily to give negative responses 
to negative trials—another learning 
set phenomenon perhaps—and thus 
will be quicker to start giving negative 
responses during extinction. Of these 
two possibilities the second seems 
more promising, although no definitive 
test has yet been made. 


SUMMARY 


The effects of (a) the number of 
transitions from unreinforced to rein- 
forced trials, and (b) the average num- 
ber of trials in the unreinforced blocks 
on the extinction of Humphreys’ ver- 
bal response were studied in 180 Ss 
by means of a three-by-three orthogo- 
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nal experiment. The function relat- 
ing resistance to extinction to the 
number of transitions had a maximum 
at three transitions, which had previ- 
ously been observed in a parallel eye- 
lid CR experiment. Resistance to 
extinction was a monotonic decreasing 
function of the average number of 
unreinforced or negative trials per 
block. These findings were inter- 
preted tentatively in terms of the S’s 
discriminating these specific features 
of the sequence of training trials and 
reacting to them as well as to the 
isolated stimuli. 


(Manuscript received March 20, 1950) 


REFERENCES 


1. Cocnran, W.G. Some consequences when 
the assumptions for the analysis of vari- 
ance are not satisfied. Biometrics, 1947, 
3, 22-38. 

2. Ersennart, C. The assumptions underly- 
ing the analysis of variance. Biometrics, 
1947, 3, 1-21. 

3. Grant, D. A., Hornsetu, J. P., anv Hake, 
H. W. The influence of inter-trial in- 
terval on the Humphreys’ “random rein- 
forcement” effect during extinction of a 
verbal response. J. exp. Psychol., 1950, 
40, 609-612. 


225 


4. Grant, D. A., Meyer, D. R., anp Hake, 
H. W. Proportional reinforcement and 
extinction of the conditioned GSR. /. 
gen. Psychol., 1950, 42, 97-101. 

5. Grant, D. A., Riopetze, A. J., anp Hake, 
H. W. Resistance to extinction and the 
pattern of reinforcement: I. Alternation 
of reinforcement and the conditioned eye- 
lid response. J. exp. Psychol., 1950, 40, 
53-60. 

6. Grant, D. A., Haxe, H. W., ano ScHNEIDER, 
Dorotuy R. Effects of pre-testing with 
the conditioned stimulus upon extinction 
of the conditioned eyelid response. Amer. 
J. Psychol., 1948, 61, 243-246. 

7. Haxe, H. W., anp Grant, D. A. Resist- 
ance to extinction and the pattern of 
reinforcement: II. Effect of successive 
alternation of blocks of reinforced and 
unreinforced trials upon the conditioned 
eyelid response to light. J. exp. Psychol., 
1951, 41, 216-220. 

8. Hartow, H. F. The formation of learning 
sets. Psychol. Rev., 1949, 56, 51-65. 

9. Humpureys, L. G. The effect of random 
alternation of reinforcement on the acqui- 
sition and extinction of conditioned eyelid 
reactions. J. exp. Psychol., 1939, 25, 
141-158. 

10. Humpureys, L.G. Acquisition and extinc- 
tion of verbal expectations in a situation 
analogous to conditioning. J. exp. Psy- 
chol., 1939, 25, 294-301. 

11. Humpureys, L.G., Miter, J., anp Ettson, 
D. G. The effect of the inter-trial in- 
terval on the acquisition, extinction, and 
recovery of verbal expectation. J. exp. 
Psychol., 1940, 27, 195-202. 





COMBINED DRIVES IN LEARNING 


BY DOROTHY RETHLINGSHAFER, A. ESCHENBACH 
University of Florida 
AND 


J. T. STONE 
University of North Carolina 


Various studies (3, 4, 6) support to 
some degree the assumption that ir- 
relevant drives motivate habits which 
have been set up on the basis of differ- 
ent drive conditions. In these studies 
it was assumed that there were no 
opposing habits evoked by the “extra” 
drives when the organism was present 
in the test environment. 


PROBLEM 


With equal strengths of two op- 
posed habits acquired under different 
single-drive states, how would various 
drive combinations affect the contra- 
dictory response strengths? 

This investigation studied the com- 
bined drives of hunger and thirst 
when, for each of the single drives, 
opposing responses had received an 
equal number of trials on the same 
T-maze. 

The following specific hypotheses 
were tested with rats first trained 
under single alternating drives to 
choose one side for water and the 
other for food: 

Hypothesis I.—-Given approximately 
equal habit strengths acquired under 
alternating single drives, there will be 
interference of responses when the 
drives are combined. 

Hypothesis II.—As the “drive ele- 
ments” in the combined drives ap- 
proach equality (as measured by hours 
of deprivation), this interference will 
increase, and chance performance will 
occur when the drives are equal in 
hours of deprivation. 


These hypotheses were based on 
the assumptions that: (1) the habit 
strengths of the opposing response 
patterns were approximately equal, 
(2) the drive strengths could be meas- 
ured by hours of deprivation, and (3) 
the drives were not changed in strength 
when put in combinations. The as- 
sumption that drive interaction does 
not greatly change a drive state is 
supported by Kendler’s (4) combined- 
drive study with rats rewarded differ- 
entially for hunger and thirst. Their 
performance indicated later that they 
had acquired differential responses for 
the single drives. Physiological inter- 
action may, however, prevent a simple 
summation of drive strength as well 
as interfere, to some degree, with 
evocation of responses previously 
learned under single drives. 

Hypothesis III.—The interference 
of the opposing habits will delay the 
appearance of responses appropriate 
to only one drive in the trials under 
combined drives. It is expected that 
animals with established contradic- 
tory habits cannot learn as rapidly to 
respond appropriately to only one 
drive when both are present, as can con- 
trol animals who have not previously 
acquired opposing response patterns 
under single drives. 


PROCEDURE 


Animals.—Twenty-eight male, Wistar-strain, 
naive rats, approximately 90 days old, were used 
in Experiment I. In Experiment II, nine male 
rats of the same strain and age were used, but 
they had received previous training under single 
alternating drives and under the same condi- 
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tions as those of the present study. They were 
retrained at the star: of Experiment II. 

Apparatus.—A simple T-maze was used in a 
fixed position in a small room with walls painted 
black. A complete description of the room, 
feeding schedule, and other details may be found 
in Eschenbach (1) or Stone (5). An illuminated 
circular white disc remained in the same fixed 
position at the end of the right arm of the 
T-maze as a place cue during both experiments. 

Experiment I—Following preliminary train- 
ing on a straight runway, the 28 Ss were divided 
into four groups which were equated for right- 
and left-turning tendencies as determined by 
previous tests. All trials, except the trial after 
30-hr. deprivation, were given at the rate of one 
per day with the non-correction method, and 
time scores in seconds were recorded from the 
starting position to the reward platform. The 
trials after 30-hr. deprivation required a two-day 
interval between trials in order to obtain a 30-hr. 
deprivation and still run the Ss at the same time 
during the day. 

In Group I (Experimental) ten Ss were trained 
under alternating single drives of 234-hr. de- 
privation to choose the right side of the T for 
food and the left side for water. In order to 
discover if an alternation habit was being formed, 
the pattern of alternation was occasionally 
broken by having two or three food, or water, 
days in succession. The learning was not sig- 
nificantly disturbed, thus indicating that an 
alternation habit was not formed. The criterion 
of learning was the following: All Ss in the group, 
i.e., the entire group as a group, performed cor- 
rectly for ten successive choices under single 
drives. Sixty-eight days were required to reach 
this criterion of learning. Each S was then 
given three trials (days) under each of the follow- 
ing combined drives in the following order: 22-hr. 
water deprivation with 4, 8, 12, 16, 22, and 30 hr. 
of food deprivation. They were rewarded with 
water only on the left side of the maze on each 
of the three test days under combined drives. 
Relearning under single drives occurred after 
each three-day combined-drive test. The cri- 
terion of relearning was two successive correct 
trials (days). The longest period of such re- 
learning was six days. 

In Group 2 (Experimental) seven Ss were run 
by the same procedure as used in Group 1 except 
that under single drives they found water on the 
right and food on the left. They were rewarded 
only with wster on the right side in the com- 
bined-drive tests. 

In Group 3 (Control) six Ss of the same strain 
and age were trained not under single drives, but 
under the same combined drives as the experi- 
mental Ss, at the same time, and by the same 
procedure. They found water reward (the only 
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one given) on the left side of the T-maze. The 
control Ss were run only when the experimental 
Ss were ready for their tests under combined 
drives. On the days when control Ss were not 
run, they remained in their cages and were on 
the same feeding schedule as the experimental Ss. 
They received no training at any time under 
single drives. 

In Group 4 (Control) the five Ss differed only 
from Group 3 in that they obtained the water 
reward on the right side. 

Experiment I1.—With nine Ss the procedure 
used was that outlined above for the experi- 
mental Ss except that the combined drives were 
22-hr. food deprivation combined with each of 
the following hours of water deprivation: 4, 8, 
12, 16, 22, and 30, and the only reward was food. 
Two groups, five in one, and four in the other, 
differed only in the place of food reward and 
water reward. These nine Ss reached the cri- 
terion of learning described in Experiment I in 
37 trials. These Ss had previously received 
similar training under single drives. Again, 
relearning with single drives occurred to a cri- 
terion of two correct trials (days) between 
combined-drive performances. The longest time 
for relearning under single drives was six days. 
No control Ss were used in this experiment. 


RESULTS 


For the experimental Ss, Fig. 1 
shows the percentage of interference 
from the varying drive as it is added 
in increasing amounts to a constant 


22-hr. deprivation. Results for both 
Experiments I and II indicate close 
similarity, although the drive com- 
binations were reversed. For the 
control Ss no opposing responses were 
associated at any time with the single 
drives. And, as shown in Fig. 1, for 
the control Ss the introduction of the 
increasing amount of the extra drive 
was not correlated with interference 
in responding correctly to the re- 
warded 22-hr. deprivation. Hypoth- 
esis I was substantiated: With ap- 
proximately equal habit strengths 
acquired under single drives, inter- 
ference of the opposing responses in- 
creased as the extra drive was added 
to the 22-hr. deprivation. 

However, the chance performance 
predicted for the experimental Ss by 
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HOURS OF DEPRIVATION ON FIRST TEST DAY OF EACH 


COMBINED DRIVE SERIES 


Fic. 1. 


Percentage of Ss in experimental and control groups responding to an irrelevant 


drive on the first day of each combined-drive series (Experiments I and II) 


Hypothesis II for equal combinations 
of deprivations—22-hr. thirst and 
22-hr. hunger—actually occurs, as 
shown in Fig. 1, at 22-16. Assuming 
a simple interaction of D; and Dz, in 
which D, is drive for 22-hr. depriva- 
tion and Dz is the variable drive, we 
would not expect the dip in the line 
at 22-12, nor the marked rise at 22-16, 
followed by a deceleration. These 
variations in the line are not statistical- 


ly significant, but it may be noted that 
the same trend appears in both experi- 
ments. Experiment I used a constant 
22-hr. food deprivation and Experi- 
ment II a 22-hr. water deprivation. 
The same amounts of extra drive (4, 8, 
12, 16, 22, 30) were added and in 
the same order. Other orders and 
amounts of extra drive are to be tested 
in further experimentation. 

Figure 1, it should be emphasized, 
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is an expression of the degree to which 
the Ss responded on the first trial to 
the constant 22-hr. deprivation what- 
ever the drive combinations being 
tested. Each test of combined drives 
consisted, however, of three rewarded 
runs to the drive which had suffered 
constant 22-hr. deprivation. It was 
possible that the reward during the 
combined-drive test days had an in- 
creasing effect on the experimental Ss, 
although between tests the opposing 
habits for single drives were re- 
established. 

By Hypothesis III, it was expected 
that the experimental Ss, with estab- 
lished contradictory habits, could not 
learn as rapidly to respond appropri- 
ately to only one drive when both 
were present, as could control Ss who 
had not previously acquired opposing 
response patterns under single drives. 
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Figure 2 shows the improvement that 
occurred in the apparent learning dur- 
ing the combined-drive test series for 
both control and experimental Ss. 
Figure 3 again indicates this rapid 
adjustment of the experimental Ss, 
particularly on the second and third 
of the three combined test days. 


The rapid adjustment of the experi- 


mental Ss to respond appropriately to 
the rewarded side in combined-drive 
series was, of course, aided by experi- 
mental extinction of the nonrewarded 
(irrelevant) drive. But it should be 
emphasized that these experimental 
Ss had received frequent reinforce- 
ment under single drives both in the 
original training and retraining. And 
as Hilgard points out, one or two ex- 
tinction trials should not so easily 
counteract frequent reinforcements “if 
it is merely sensori-motor responses 
which are controlled by reinforcement 
and non-reinforcement” (2, p. 338). 
Theories emphasizing perceptual con- 
trol can more easily accept sudden 
adjustment. 

The results, therefore, in regard to 
Hypothesis III are equivocal. On the 
first day of the test under combined 
drives, the responses of the experimen- 
tal Ss showed an increasing interfer- 
ence in responding to the drive which 
suffered 22-hr. deprivation as there 
was added to it increasing amounts of 
the other drive. But there is a rapid 
recovery from this interference on the 
second and third days of combined 
drives. This recovery, defined as the 
isolation of the 22-hr. element and the 
resulting correct response only to that 
drive element, would suggest a flexi- 
bility in performance not consistent 
with a theory emphasizing habit 
strength under reinforcement. There 
is, however, no evidence within this 
experiment of the reason for this rapid 
recovery from interference. 


D. RETHLINGSHAFER, A. ESCHENBACH, AND J. T. STONE 


ConcLUSIONS 


Our three hypotheses were sup- 
ported with certain modifications: 

I. Rats with approximately equal 
habit strengths for opposed responses 
acquired under single alternating 
drives showed interference of re- 
sponses as drives were combined. 

II. Although this interference in- 
creased as the drives approached 
equality, chance performance occurred 
at the 16-22 combination instead of 
the 22-22 combination. This was 
true whether the constant 22-hr. de- 
privation was for food or water. 

III. Experimental Ss with previ- 
ously established opposing habits to 
single drives were not as rapid as con- 
trol Ss in the development of responses 
to only one element of the two-drive 
combinations. However, the experi- 
mental Ss quickly adjusted their per- 
formance on the second and third test 
days of the combined drives, thus 
raising some question in regard to the 
interpretation of the original learning 
under single drives as a function of 
habit growth. 

The conclusions are supported in 
that similar results were obtained by 
two different groups of Ss run by 
different experimenters and in different 
combinations of drives. However, 
both experiments involved a single 
fixed order of testing the various drive 
combinations, and further experi- 
ments are required to isolate the effect 
of this factor. 


(Manuscript received for immediate 
publication December 14, 1950) 
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